Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



ELEMfrS Ot GEOLOGY;' 



^ 



FOSSIL BOTANY AND PAL^ONTOLOQT. 



A POPDL&B TBEATI3B 



DESiaNED FOK THE UBE OP SCHOOLS AND GENEKAL READBBa. 



BY J. L. COMSTOCK, M.D. 







NEW YORK: 
FARMER, BRACE & QO., 

■ »0.*, COUBTLANDT-arBBBT. i . 

.,-,-- 1857. 



-it 



211262 



EmsRiD, aecoiding to Act of Congress, in the year IM**, 

By J. L. COMSTOCK, M. D. 
Uk the Clerk's Office of the District Court of Connecticut. 



, • •• 

• • • • 
■ « • » • 

• • « 



• * • 



V 



• •• « 

• » • • 



• * 






••• 






• • • 



.•\ 



sTBnaoTTrso bt 
RICHARD H. HOBB8 

■ ▲aTFORD, COHH. 



raxHTao ar 
OA8B, TIFFANY, AND CO^ 
RARTroao. ooxx. 



PREFACE. 



When comparing the last stereotype impression of 
my "Outlines of Geology," published in 1834, with 
the most recent geological works of the present day, 
with the intention of reforming it into a new edition, I 
have found that such had been the progress of the 
science during the last few years, that a considerable 
portion of the work would require an entire change. 

Instead, therefore, of presenting my friends and the 
public, with a new edition^ I herewith offer them a 
new book; and which, I cannot but think, contains 
much more interesting and important matter, than the 
old one did, even when it was new. 

The subjects of Fossil Botany and Animal Re- 
mains, have received particular attention; these being 
not only the most popular and instructive branches o\ 
Geology, but those on which naturalists, both at home 
and abroad, have lately bestowed the most laborious 
and profound investigations. 

Some of the old Lignographs, with their descrip- 
tions, on points where no improvements had been 
made, and also some of my speculations on the 
"Mosaic System op Botany," and on the "Days op 
Creation," have been retained. In other respects, 
the work is made of new matter, and has a new iv^xxNft% 
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With respect to the illustrations, the engravings wer6 
executed by Mr. Seth H. Clark, and stereotyped 
by Mr. R. H. Hobbs, both of this city; and I have 
much pleasure in believing that, in works of this 
description, our country can show no better specimens 
ot either art. 

Hartford. {Conn.) March, 1847. 
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M, C means Medals of Creation. 
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" Richardson's Geology. 


Ly,P, 


" Lyell's Principles of Geology. 


Ly. E. 


" Lyell's Elements of Geology. 


Lign, 


" Lignograph, wood cut. 



Dr. Mantell's Works contain some of the most beautiftil 
geological engravings, extant; and to these I am chiefly in- 
«le^tf>H for the ornamental part of my book. 
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CHAPTER I. 

PRELIMINARY EXPLANATIONS. '*'.•• 

* 

1. Definition. The tenn Geology is derived from Greek; 
ge, the " earth " and logos, " reason," or " discourse " and 
therefote signifies the doctrine or science of the earth. It 
is the physical history of the globe, and has for its object, 
the investigation of the causes which have produced the 
phenomena exhibited both by the external and interior 
portions of the planet on which we live. 

2. More extensive view of Geology. — As the student 
proceeds in the study of this science, he will find that it 
mcludes within its inquiries nearly every natural subject 
which the mind of man has ever investigated. In close 
connection with it, and indeed forming portions of its legit- 
incig-te inqmries, are the sciences of Mineralogy, Botany, 
Cohchblogy, and "Zoology. 

3. Zoology being the science of animals generally, in- 
cludes the aifferent departments of Ichthyology, or the 
study rf fishes; Ornithology, that of birds; Entomology, 
that of insects ; Malacology, that of soft animals, as the 
clam and oyster, and Mammalogy, that of milk-giving 
animals. 

. 4. Besides the above named sciences, Geology has 
given rise to a new science called Palaeontology, or the 
study: of the fossil, organic remains of animals. 

5. Now, lest the student should be discouraged at the 
pnset with the idea that an intimate knowledge of all 
these spi^iH^s is necessary in order to proceed with that 
of Geology^ wq deem it proper to state here that so much 
of each of these subjects as is required for his present 
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What is the loaeaaing of the terin Gecdogy ? What does the science of 
Cieology lodade ? What are the aciencea moat Tv«axV^ coTm«cX«^^Ns^%X 
What does the gcience of 2Mtiff iaoUidt \ VfW \»'?i^BK»X«diiiCI ^ 
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purpose will Wn^r .explained as to be readily understood. 
It must not, kdwfiver, be concealed that the student who 
begins the.»tudy of Geology with a good knowledge of 
Botany, J^^jralogy, Conchology, and indeed of natural 
history gifterally, has a great advantage over him who 
knows'littfe or nothing of these subjects. 

6. Th«*objects embraced by Palaeontology, as the pet- 
rififed. or fossil remains of fish, animals, and shells, have 
b«pn- appropriately and eloquently called the Medals of 
.OjyfiATioN; for, says Mr. Mantell,"asan accomplished nu- 

.• . h^matist, (or reader of coins,) even when the inscription 
''•olf an ancient and imknowncoin is illegible, can, from the 
•/• . Aalf obliterated characters, and from the style of art, de- 
" \ tannine with precision the people by whom, and the pe- 
liod when it was struck ; in like manner the geologist can 
decipher these natural memorials, interpret the hieroglyph- 
ics with which they are inscribed, and from apparently the 
zxiost insignificant relics trace the history of beings of 
whom no other records are extant, and restore anew those 
forms of organization which lived and died, and whose 
races were swept from the face of the ecurth, ere man and 
Uie creatures which are his contemporaries became its 
denizens." M. C. p. 23. 

ARRANGEMENT OF STRATA AND THEIR CONTENTS. 

7. The solid materials composing ^e earth, so far as 
man has observed, consist of Minerals and Fossils. 

The depth, or perpendicular distance to which geolo- 
gists have been able to extend their observations is 
estimated at about fifteen miles. This distance includes 
the highest moimtains, and the deepest valleys. 

MINERALS. 

8. Minerals are inorganic substances formed by nat- 
trral causes, some by heat, and some by water. They 
form the great body of which the earth is composed, as 
granite, gneiss, trap, limestone, and sandstone. The great 
ranges of mountains in every part of the globe, are chiefly 
composed of these materials. It will be shown hereafter 
which class owes their origin to fire, and which to water. 

What sciences are considered important in the study of Geology? What 
aiethe objects embraced by PalsBontologv ? Why are foMils call«d the 
Medals of Creation ? What are the eolid materials of the earth ? What 
Mre mhmral9 ? How hwe mineraki bees ^MNAed ? 
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9. Fossils are remains of animals and vegetables, which* 
at unknown periods of time have been entombed in the 
strata of the earth by natural causes. Most of these re- 
mains though thej may still maintain their oiiginal shapes, 
are found to have lost all their animal or vegetable matter, 
being petrified, or turned into stone, as the common expres- 
sion is. This idea is, however, far from conveying the 
truth, for although the fossil may, and does often retain 
the exact form of the animal or vegetable body from which 
it was moulded, still there has been no transformation from 
one to the other, but only a deposition of the stony parti- 
cles, as those of the organic matter decayed, and evapo- 
rated, or were washed away. Thus the stone imitates the 
organic relic. 

10. In many instances such have been the immense 
depositions of animal remains, particularly of shells, and 
the silicious cases of animalcules called infusoria, that 
entire strata, of great thickness and extent, appear to have 
been formed of these materials, to the exclusion of all others. 

11. As examples of the great extent to which the solid 
materials of the earth are owing to animal origin, we tran- 
scribe the following from Mr. Mantell's Medals of Creation. 

12. These formations include himdreds of miles in ex- 
tent, and are, some of them, several hundred feet in thick- 
ness; and when we consider the comparatively small 
portions of the earth which have been examined for such 
purposes, and that none of them are on this side of the 
Atlantic, we may, perhaps, form some idea of the great 
extent to which the soUd portions of the globe are owing 
to organic materials. 

13. Rocks composed chiefly of animal remains. 



Strata. 


Pkbvailino Fossils. 


FOBMATIOHS. 


Trilobite schist 


Trilobites and shells. 


Silurian 


Dudley limestone. 


Corals, shells, trilobites, crinoidea. 


system. 


Shelly limestone. 


N. ProductfiB, spiriferae. 


i( 


Mountain limestone. 


Corals and shells. 


CorbonI* 


Bncrhiital marble. 


Lily-diaped animals and shells. 


feroiM 


Maasel-baad. 


Fresh water mussels. 


•ystem. 


ironstone nodolee. 


lYilobites, insects, and shells. 


(( 



What are fossils ? How are petrifactions formed ? What is said of 
the raat amount of animal depositions ? What is s«id oi xVa «i3t«oX ^\ 
the fbrawtiofif coaipoMd of animal remfdiui 1 



Strata. 


PuvAiLiNO Fossnui. FObmatiows. 


J^ias-shalM and claja. 


Pentacrinites. reptiles, and fishes. 


Lias. 


IJmeirtone. 


TerebratulfiB and other shells. 


to 


Lias conglomerates. 


Fishes, shells, coral& 


l( 


Giyphite limestone. 


Shells, principally gryphites. 


M 


Limestone. 


TerebratulsB and other shells. 


iofteior 


Btonesfield slate. 


Shells, reptiles, fishes, insecta 


Oolite. 


Pappenheim schist 


Crustacea, reptiles, fishes, insects. 


Oolite. 


Bath-stone,. 


Shells, corals, crinoidea, reptiles. 


u 


Limestone. 


Cephalopoda, principally ammonites. 


tt 


Coral-rag. 


Corals, shells, echini, ammonites. 


u 


Bradford limestone. 


Crinoidea, shells, corals, cephalopoda. 


u 


Portland oolite. 


Ammonites, trigonia), and other shells. 


t. 


Purbeclc and Sussex marble 


. Fresh-water shells, reptiles, fishes. 


Wealden. 


Wealden limestone. 


Cyclades, Crustacea, reptiles, fishes. 


to 


Tilgate grit. 


Reptiles, fishes, shells. 


<4 


Farringdon gravel 


Sponges, corals, echini, shells. 


Shanklin 


Jaq>er and chert. 


Shells, sponges, animalcules. 


sand. 


Greenland. 


. Fibrous zoophytes. 


to 


Chalk. 


Corals, infusoria, echini, shellk. 


Chalk. 


Maestricht limestone. 


Corals, ammonites, belemnites, reptiles. 


to 


Hippurite limestone. 


Shells, principal'y hippurites. 


to 


Hard chalk, 


Echini and belemnites. 


to 


Flints. 


Infusoria, echini, corals, shells, Ac. 


to 


Limestone. 


Fre&Ai-water shells. 


Tertiary. 


Nommulite rock. 


Nummulites. 


M 


Beptaria. 


Nautili, turritellee, shells. 


tt 


CtJcaire groesier. 


Shells and corals. 


U 


Gypseous limestone. 


Mammalia, birds, reptiles, fishes. 


a 


Siliceous limestone. 


Shells, 


M 


Lacostrine marls. 


Cyprides, fresh- water shells.' 


H 


Monte Bolca sandstone. 


Fishes in abundance. 


tt 


Bone-breccia. 


Mammalia and land-shells. 


tt 


Sub-Himalaya limestone. 


Elephant, Mastodon, reptilea 


« 


TrfpoU. 


Infusoria, nearly entire. 


« 


Richmond marL 


Animalcules and infusoria. 


« 


Semiopal. 


Infusoria. 


tt 


Mountain meal. >v 


Infusoria. 


tt 


Guadaloupe limestone. 


Human bones, shells, and corals. 


Human 


Bermuda limestone. 


Corals, shells, serpulae. 


epoeh. 


Bermuda chalk. 


Comminuted corals, shells. 


to 


Bog-iron ochro. 


Infusoria. M. C. p. 21. 


to 



VEGETABLE REMAINS. 

14. The solid parts of the earth which have been derived 
from vegetables, though probably not so great as those 
above described, are still of vast extent in different parts 
of the world. These formations, known at the present 

What is said of the existence of coal, where climate renden it necessary 
for the comfort of man ? 



PROCESS OF NATU^f IN THE FOBHATION OF COAL. i8 

day iinder the name of cod fields^ exist, piobablj, in most 
parts of the world where the chmate renders large qiian* 
titles of fuel necessary for the comfort of man ; a signal 
interposition of the Creator for his benefit, and clearly 
proving that it emanated from design, since coal has 
rarely, if ever, heen discovered in any quantities in hot 
climates. 

TEOETABLE ORIGIN OP COAL. 

15. Among the early geologists, the origin of coal was 
for a long time a matter of dispute ; but at the present 
day it is universally admitted that all its varieties are of 
vegetable origin. 

16. Proofs of the origin of Coal. — The experiments of 
Prof Gdppert, of Breslau, on the transformation of v^e* 
tables into coal, and which were afterwards followed in 
England, appear to have left no doubt on this subject io 
the mind of any philosopher ; though perhaps they only 
served to confinn opinions formed on less certcdn grounds. 

17. This philosopher endeavored to imitate the agency 
of nature in producing the results in question, and he did 
so with perfect success. Having observed that the leafj 
(that of the fern) in iron-stone nodules, might occasion- 
ally be separated, in the form of a carbonaceous film, he 
placed such leaves in clay, dried them in the shade, and 
then exposing the clay to a red heat, he thus obtained 
striking resemblances to the fossil plants. According to 
the degree of heat, the plant was found to have become 
either brown, shining black, or to be entirely lost, the int- 
pression only remaining ; but, in the latter case, the sur- 
roxmding clay was stained black, thus indicating that the 
color of the coal-shales is derived from the carbon of the 
plants which they include, or once included. 

P&OCEBS OF NATURE IN THE FORMATION OF GOAL. 

18. It might be supposed from the results of the above 
eacperimentSj that the action of volcanic heat on vegetables 
was required to produce coal ; this supposition is, however, 
by no means entertained: the aj^lication of artificial heat 
being the only means by which the long processes of 

What has been the origin of mineral coal? What, were GOppert'a ei 
periroenu to show the TegetaUe origin of coal ? 
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nature, consisting of fermentation and pressure, could be 
imitated. 

19. Changes prodttced on hay and other vegetables.^^Ii 
haj be stacked in a moist condition, and closely packed, 
it is well known that fermentation will be the result, 
especially, during the hot season, and that the heat pro- 
duced is sometimes so great as to produce spontaneous 
combustion, by which the mass is consmned. But if care 
be taken to confine the mass from contact of the air, and 
thus prevent ignition, the hay will be foimd to have ac- 
quired a dark brown color, a glazed or oily appearance, 
and a bituminous smell, resembUng that of coaL The 
same result will be produced if flax, hemp, ferns, the 
twigs of trees or other small vegetables, capable of being 
pressed into a close mass, be treated in the same manner. 

20. Now this is considered an illustration, on a small 
scale, of what was once performed by natural means, to 
such a vast extent as to produce large coal fields, by 
tlirowing into masses whole forests, instead of a few 
pounds of hay, and then subjecting such acciunulations 
to the pressure, perhaps, of hundreds of feet of incmnbent 
earth. 

21. Structure of bituminous coal. — Although the vege- 
table origin of all coal will not admit of question, yet, 
says Mr. Mantell, evidence of the original structure is not 
always attainable. The most perfect bituminous coal 
has imdergone (apparently) a complete liquefaction, and 
if any portions of organization remain, they appear as if 
imbedded in a pure bituminous mass. The slaty coal 
generally preserves traces of cellular or vascular tissue, 
and the spiral vessels, {Lign. 2, 68.) and the dotted cells, 
indicating the coniferous structure, may readily be detected 
by the aid of the microscope, in chips or slices. In many 
examples, the cells are filled with an amber-colored resin- 
ous substance ; in others, the organization is so well pre- 
served, that on the surface exposed by cracking from 
heat, the vascular tissue, spiral vessels and cells, studded 
with glands, may be detected. Even in the white ashes 
left after the combustion of coal, traces of the spiral ves- 
sels are discernible by a high magnifying power. Some 

. What is said of the fennentation of hay, and its appearance when the 
air is excluded? How does this illustrate the origin of coal? What is 
•aid of the stracture of slaty, bituminous cool ? 
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oeds of coal appear to be composed wholly of minute 
leaves, or partially decomposed foliage ; for if a mass re- 
cently taken from the mine be split asunder, the exposed 
surfaces are found covered with delicate pelhcles of car- 
bonized leaves and fibres matted together ; and flake after 
flake may be peeled oft' tluough a thickness of many 
inches, and the same structure be apparent. 

22. The above 'experiments and circumstances being 
deemed sufficient to show that coal is of vegetable origin, 
and this being our main object at this place, we shall 
now turn our attention to other subjects, to resume that 
of coal more particularly in its proper place. 



PAET I. 



CHAPTER II. 



rOSSlL REMAINS OF AtilUAhB AND PLANT*. 

23. Having made the foregoing explanations and re 
marks, we are prepared to take a more extended view of the 
subject of organic remains, taking the Medals of Creation 
and Dr. Buckland's Bridgewater Treatise as our guides. 

24. The study of organic remains, sajs Dr. Buckland, 
forms the peculiar feature and basis of modem geology, 
and is the main cause of the progress of this science 
since the conmiencement of the present century. We 
find certain families of organic remains pervading strata 
of every age, under nearly the same generic forms which 
they present , among existing organizations. Such are 
the Nautilus, Echinus, Terebratula, and various forms of 
corals ; and among plants, the Ferns, Lycopodians, and 
Palms. 

25. Some families peculiar to given formations. — Other 
families, both of plants and animals, are limited to par- 
ticular formations, there being certain points where entire 
groups ceased to exist, and were replaced by others of a 
different character. The changes of genera and species 
are still more frequent, and hence it has been well ob- 
served, that to attempt an investigation of the structure 
and revolutions of the earth without applying minute 
attention to the evidences afforded by organic remains, 
would be no less absurd than to undertake to write the 
history of any ancient people without reference to docu- 
ments afforded by their medals and inscriptions, their 
monuments, and the ruins of their cities and temples. 

26. Zoology and Botany required. — The study of Zool- 

What is said of the importance of the study of organic remains ? 
What is said of Zoology and Botany as preparatory to the study of 
Geology? 
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ogy and Botany ha# therefore become as in(lifl|)eosable U> 
the progress of Geology as a knowledge of Mineralogy. 
Indeed, the mineral character of the inorganic matter of 
which the earth's strata are composed, presents so similar 
a succession oi beds of sandstone, clay, and limestone, 
repeated inegulaorly, not only in different, but in the same 
formatiqp^, that similarity <^ mineral composition is but 
an. uncertain proof of contemporaneous origin, while the 
surest test of identity of time is a^orded by the corres- 
pondence of the organic remains ; in fact, without these, 
the proofs of the; lapse of long periods as Geology shows 
tp have been occupied in the formation of the strata of 
the earth, would have been comparatively indecisive. 

27. Secrets of nature revealed by organic remains. — The 
secrets of nature that sj^e revealed to us by the history of 
fossil 0|rganic remains, form, perhaps, the most striking 
results at which we arrive from the study of Geology. 
It appears almost incredible to those who have not mi- 
nutely, exan^ined natural phenomena, that the microscopic 
examina];ipn of a mass of rude and lifeless limestone 
should often disclose the curious fact, that large propor- 
tions of its substance, have once fonoed parts of hving 
bodies. 

^8. Large- portions of the eartKs surface derived, from 
antmoZf.r^The study of these remains has cdso fully 
demonstrated that no small part of the present surface of 
th^ ear^h ha^ been, derived from the remains of animals 
that constituted, the population of the ancient seas. Many 
extensive plains, and massive mountains form, as it were, 
the great charnel-houses of preceding generations, in 
wh^h the petj^i^ed exuvi» of extinct races of animals 
and vegeta.1j>les are piled into stupendous monuments of 
the operations of U^ and death, during unknown periods 
of past time, 

29. The deeper we descend^ the more ancient the remains.—^ 
The deeper we descend into the strata of the earth, the 
higher dp we ascend into the ancient history of the past 
ages of creation. We here find successive stages marked 
by the. varying forms of animal and vegetable life, and 
these generally differ more and more widely from existing 

What ffeorets of nature are revealed by the study of fossil remains t 
W^nce is a large prqjKNtion of the surface of the earth said to be dt 
rived .' Are the remains at» and below the surface, the sam* ? 

2» 
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■pccies as we go further downwards into the receptaclen 
of the wreck of more ancient creations. 

30. Similar remains exist in similar strata. — When we 
discover a constant and regular assemblage of organic 
remains, commencing with one series of strata, and end- 
ing in another, which contains a different assemblage, we 
have herein the surest grounds whereon to establish those 
divisions which are called geological formations, and we 
find many such divisions succeeding each other when we 
investigate the mineral deposites on the surface of the 
earth. As examples, if we find strata containing the re- 
mains of trilobites, whether they occur in the northern or 
southern quarters of the globe, we may conclude that the 
formations where they exist are of the same age, and 
have been formed under similar circimistances and of the 
same materials ; and so, also, of the nautih, echini, or 
other organic exuviae. 

31. Most of these remains are extinct. — The study of 
these remains presents to the zoologist a large amount of 
species and genera which are extinct ; that is, not known 
to exist any where in the living state at the present day, 
but which, at the same time, bear important relations to 
existing forms of animals and vegetables, and often sup- 
plying Hnks, which had hitherto been unknown, in the 
great chain whereby all animated beings are held to- 
gether, in a series of gradual connections. 

32. Bearing on natural theology. — The discovery, amid 
the rehcs of past creations, of the hnks that seemed 
wanting in the present system of organic nature, affords 
to natural theology an important argiraient, in proving 
the unity and imiversal agency of a common great first 
cause; since every individual in such a imiform and 
closely connected series, is thus shown to be an integral 
part of one grand, original design. It is true, that the 
non-discovery of such Unks would form but a negative 
and feeble argument against the common origin of organic 
beings, because, for aught we know, the existence of in- 
tervals may, in themselves, have formed a part of the 
original design ; but the existence of such links shows a 

Are similar remains found in similar strata, or not? If a trilobite is 
found in Americat and another in Asia, what do they indicate with respect 
to the age of the strata ? Are these remains of extinct or living genera T 
How does this subject relate to natural theology ? 
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unity of design, which veiy clearly proves the unity of 
inteUigence in which it originated. 

33. The lowest orders chiefly prevail in the hwest tirtUa.-^ 
It is indeed true, that animals and vegetables of the low- 
est orders, prevailed chiefly at the apparent commence- 
ment of organic hfe. Thus we find in the deepest strata, 
chiefly, the remains of animals of the most simple con- 
struction, as the sponges, star-fishes, and corals. And 
of vegetables, those are rarely found, other than such as 
belong to the class Ciyptogamia, as the ferns, mosses, 
and fuci, or sea-weeds. In a few instances, however, the 
bones of fishes, of reptiles, and more rarely of birds and 
whales have been discovered among the early formations, 
proving the existence of these tribes at very remote 
periods. 

34. More recent strata inclose more perfect animals. — 
As we ascend towards the surface, and examine more re- 
cent formations, we find that remains of the more perfect 
animals gradually become more abimdant, \mtil we ar- 
rive at the perfect structures of the saurians, or hzards, 
the elephants, mastodons, and other Mammaha, some of 
which belong to existing genera, and all to existing orders. 

36. Shells the most common remains. — The most prolific 
source of organic remains is the acciunulation of the 
shelly coverings of animals which occupied the bottom 
of the sea, apparently during a long series of succeeding 
generations. A large proportion of the entire substance 
of many strata is composed of myriads of these shells 
reduced to small fragments by the long continued move- 
ment of the water. In other strata, the presence of count- 
less multitudes of unbroken corallines, and of fragile 
shells, having their most delicate spines still attached and 
unbroken, shows that the animals which formed and in- 
habited them, lived and died imdisturbed where these re- 
mains are found. 

36. Such strata prove the lapse of time. — Strata thus 
formed of the exuviae of inniunerable generations of or- 
ganic beings, afford strong proof of the lapse of long pe- 
riods of time, wherein the animals from which they have 
been derived, Hved and multiplied and died, at the bottom 

Where do the lowest orders of animal and vegetable fossils chiefly pre- 
nyl 7 What remains are found in the more recent formations X WhalL uk 
said of strata formed entirely of shells t 
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of the seas, which to all appearance once occupied the 
places of our present continents and islands. Repeated 
changes pf species, both of animals and vegetables, as 
their remains show, in the succeeding members of the 
different formations, give further evidence, not only of the 
lapse of time, but- also of important changes in the phy- 
sical condition, and climate of the ancient world. 

37. Microscopic Shells. — ^Besides the accimiulations of 
the larger shells: of which we have seen, entire strata are 
composed, minute examination discloses, especially in 
chalk and coral formations, imimense accumulations of 
shells, ao small as not to be distinguished by the naked 
eye, the mi(»x)scope only revealing to thie astonished nat- 
uralist, immense masses composed entirely of shells, which 
he had mistaken for particles of sand or earth. Some 
idea of the number and minuteness of these remains may 
be obtained from the fact that less than an ounce and a 
half of limestone afforded an observer 10,454 microscopic 
chambered shells. The rest of the stone was made up 
of fragments of larger shells, and of the minute spines of 
echini, or sea eggs. Masses thus formed, do not consist 
of a single species, but often contain a variety of species 
and genera, thera being several species known to natural- 
ists, and having their distinctive names, which are so 
minute, as to weigh, each, only the 500th part of a grain* 
Indeed, many of them will pass through holes in a sheet 
of paper, which have been made by a cambric needle of 
the smallest size. 6d. p. 92. 

38. Marine and fresh water remains. — In many in- 
stances it has been found that lacustrine, fluviatile, and ma- 
rine remains, or the exuviae of lakes, rivers, and the sea, 
have been by some means mingled together in the same 
strata, and to these have been added the bones of large 
marine animals, and those of the land. Such phenome- 
na are accounted for by supposing that these accumula- 
tions were formed at estuaries, or the mouths of rivers 
entering the sea, and that the shells were left by the 
alternate overflow <of the salt and fresh water, the marine 
animals entering from the sea, and those of the land being 
brought down and deposited by the current of the riven 

How do such strata prove the lapse of time ? What is said of strata 
formed of microscopic shells ? w hat is said of the minuteness of abme 
species of shells t In whatmanner is it supposed that remains from the 9P\, 
nvcrs, and land, were mixed ^ 
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CHAPTER III. 

< AiriMALS SUDDENLY OEST&OTED. 

39. In the above histoiy of organic remains, there is 
QOthmg to prevent the belief that the animals, whether of 
the sea or land, became extinct, b j the ordinary means ; as 
the decay of nature, or disease, by which slow and grad- 
•ual accumulations were formed, during extended periods 
<f <time. • It remains to state, that other causes seem to 
have operated in a few instances, and at distant intervals, 
to produce a rapid accumulation in certain strata, appa- 
rmtly accompanied by the sudden destruction, not only of 
the testacea, or shell animals, but also of those of the 
higher orders. 

40. Destruction of fish at the present day.- — We have 
apparently analogous instances of sudden destruction, 
operating locally, at the present time, in cases of fish that 
•perish from an excessive admixture of mud with the water, 
during extraordinary tempests blowing on the shore, 
and also by the continuance of uncommon degrees of cold, 
hy which the fish in shallow arms of the sea become 
torpid^ and are floated on shore by high tides j and there 
left to perish. The excessive heat and noxious gases 
^emanating from volcanic erupti<Kis, have also caus^ the 
-destruction of vast numbers of marine animals of all classes 
•nd descriptions. Another cause of destruction to these 
animals is the sudden irruption of salt water into ponds 
^estuaries, previously occupied by fresh i water, or the 
huniting of a lake into an arm of the sea, in either of 
which cases it is obvious that the inhabitants of each must 
be destroyed. 

' 41. Fossil fish not destroyed by tneehamcal violence.-^ 
Idimost instances fossil fish present no appearance of hav- 
ing perished by the' pressure of the incumbent strata, or 
other mechanical violence ; but rather to have been de- 
stroyed by cold, or noxious Vapors, or perhaps by heat, or 
•ome change in the element in which' they live, which 
caused the rapid -extinction of life. 
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j)2 JJOILUUB MJDStENLY DEST&OYXD. 

42. Phenomena of the fishes of Monte Bolca. — The great- 
est accumulation of fossil fish known, is at Monte Bolca, 
in Italy, and their remains seem to indicate that thej)r per- 
ished suddenly, on arriving at a part of the then existing 
sea, which was rendered noxious by volcanic agency, and 
of which the adjoining basaltic rocks afford proof that 
such agency existed there at some remote period. The 
skeletons of these fish lie parallel to the lamine of the 
calcareous slate in which they are found ; they are always 
entire, and so closely packed together, that some of the 
blocks are composed mostly of their bones. The thou- 
sands of specimens existing in cabinets in every part of 
Europe and America, have all come from the same quarry. 
All these specimens were formed by fish, which to appear- 
ance, died suddenly at this fatal spot, and were there 
speedily buried in the calcareous sediment then in the 
course of deposition. That they were buried speedily, 
and before any considerable decomposition had taken place, 
is proved by the fact that some of them still retain the 
color of their scales and skin. Bd. p. 100. 

43. Accumulation of fossils, owing to the action ofwcUer. — 
From the account above given of organic remains, and 
especially the condition in which they are foimd, being 
entombed in stratified formations, we must conclude, that 
not only those originally belonging to the waters, but also 
those of terrestrial animals, have been accimiulated and 
buried by the action of water. Indeed, we know of no 
other means by which strata, that is layers of earth one 
upon the other, can be produced ; and with respect to shells 
and other marine exuviae, it is quite obvious that this was 
the means of accumulation. With respect to the bones 
of land animals, where the entire skeleton is preserved, 
which is in a few instances the case, this is good evidence 
of the action of water also ; since had the animal perished 
on the surface of the earth, and there remained for any 
length of time, the bones would have been detached by 
decomposition of the flesh, or the appetites of feline ani- 
mals, and thus individual parts only, would have been 
found at the same place. Besides, the bones themselves 
soon loose their animal matter, and decay when exposed 
to the action of the atmosphere. It is therefore most 

By what catisea is it supposed that fossil fishes were destroyed ? What 
rtason ia there to believe tnat the foaail fish described, perished suddexdy ? 
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reasonable to suppose, that the entire animal was covered 
in the place where its bones are found, and that this hap- 
pened soon after death. Perhaps many of the land ani- 
mals perished by drowning, in consequence of the over- 
flow of rivers, while those belonging to the water were 
cast on shore by storms, and buried by the same means. 
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CONDITIONS IN WHICH ANIMAL REMAINS ARE POUND. 

44. It is true, as above stated, that in a few instances, 
the entire skeletons of the larger animals have been dis- 
covered. But it is the countries of the arctic regions only, 
which may be expected to afford such phenomena at the 
present time. Here, in several instances, the entire car- 
cases of colossal mammalia, allied to the elephant, or to 
extinct species of the rhinoceros, have been found, mostly 
imbedded in ice. 

45. Sometimes drifted by icebergs. — It would appear that 
at some remote period, the carcasses of many large animals 
belonging to the mammalia, were drifted from the cold 
regions, probably by icebergs, into temperate chmates, 
where the ice melted, and the bodies either sunk to the 
bottom of the sea, or were drifted into estuaries, or stranded 
on the shore; the flesh then decomposed, and the 
skeletons became imbedded in the sand or earth by the 
action of the water. In this manner alone can be ex- 
plained the occurrence of bones and teeth of the rhinoce- 
ros, mammoth, hippopotamus, and other large animals, so 
common in England, Grermany, and other countries. These 
remains, though buried in sand containing pebbles and 
boulders, water-worn, and evidently transported, are them- 
selves free from attrition, their prominent angles remain- 



Why is it believed that fossil accumulations were made by the action of 
water ? Why is it supposed that the bones of animals were collected and 
buried by the action ot water? In what regions are the entire carcasses of 
anim^ found? Wha*- is said of icebergs as a means of transporting aoi 
mal remains 7 
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ing as perfect as when first exposed. Now this could not 
have been the case, had they lost their coverings, and in 
this state, been exposed to the united action of the water, 
sand, and stones, for any considerable time. They would 
have shown the effects of such action by being worn and 
rounded, as bones found on the sea-shore do at this day. 
Says Mr. Mantell, "I have found fossil bones of the horse, 
deer, ox, and whale, lying in the midst of quartz and gran- 
ite pebbles and boulders, the bones, though crumbling to 
pieces if not carefully removed, being ^ite perfect, and the 
whole mass held together by calcareous spar deposited 
by water that had during the lapse of ages, percolated 
through the chalk above." 

46. Bones penetrated by carhor^ate of lime. — In most in- 
stances, fossil bones, and especially the large ones of the 
mammalia, are more or less penetrated with carbonate of 
lime. The extremities of the long bones being porous, 
after losing their animal matter, nearly always have these 
portions filled with shining crystals of that mineral. 
Sometimes detached pieces of bone are held together in 
this manner, the intervening portions having entirely dis- 
appeared. 
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47. The light, friable, porous bones, require great care 
m their removal from the deposites in which they are im- 
bedded, whether it be clay, consolidated shingle, or lime- 
stone ; if of considerable size, they will almost invariably 
break to pieces, and many examples will not admit of re- 
pair. It is therefore always desirable, before attempting 
.to extract a large bone, to make a sketch of it ; its form 
will thus be known^ should it be destroyed; and if it 

•.'■..• ■ . ■, • ii •.. :::••._ 

How do fossil bones show that they have not been exposed to the action 
of the sell, uncovered? What miniMral is usually fottnd in the pores of fossil 
iwnes 7 Whnt is advised before attempting to extract a laige babe from its 
bed? 
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crack into fragments, that will admit of reunion^ tho 
drawing will be a guide for the replacing of the separated 
parts. If only a few pieces remain, those which show 
any part of the terminations or joints, should be preserved 
with particular care, as they show the most precise and 
important characters, and in the hands of an expert fossil 
osteologist, will often go far towards determining the or- 
der to which the animal belonged. The faithful record 
of an imperfect or unknown fossil may not be without its 
value, for as the antiquary carefully preserves the shreds 
of ancient manuscripts, in the hope that other documents 
may come to light, by which he may be enabled to inter- 
pret these, now unintelligible relics ; so the geologist 
should treasure up every fragment of an undetermined 
organic remain, for the time may arrive when other spe- 
cimens will explain its natui*e, and prove it to possess 
great interest. 

48. Repairing broken hones with glue. — The broken po- 
rous bones may easily be repaired by thin, hot glue ; and 
when the joinings are set, the whole bone should be satu- 
rated with thin glue, well brushed in, and the surface, be- 
fore the glue congeals, be sponged clean with hot water. 
When dry, the specimens will be found to possess con- 
siderable firmness and durability. By this process, the 
tusks of mammoths and elephants may be restored, how- 
ever much crushed ; time, patience, and a httle dexterity, 
are only required in many instances, to convert a heap of 
mere fragments into a valuable relict of the ancient 
world. 

49. Use of drying oil in repairing hones. — When the 
bones are tolerably perfect, but very dry and friable from 
the loss of their animal oil, they may be made durable by 
saturating them with hnseed, or other drying oil, and then 
exposing them to a considerable degree of heat. In this 
manner, the magnificent skeletons of the sloth tribe, the 
Megatherium, and the Mylodon, in the Hunterian mu- 
seum, were prepared. 

50. Plaster of Paris another means. — When a bone ap- 
pears as if cracked into numerous pieces before its removal 
ii'om the earth, but still preserves its form, the only 



What part of a bone ought particularly to be preserved ? Why ? What 
is said about preserving fragments of unknown broken bones ? How may 
oones be repaired ? What use is made of drying oils in preserving bones? 
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method by which it may be successfully extracted, is by 
putting over it a thick covering of plaster of Paris, which 
should be used of the consistence of cream ; and when it 
sets, (which if it be recently prepared, will be in a few 
minutes,) the specimen may be carefully extricated from 
the stratum, and the plaster be removed, or not, according 
to the nature of the fossil, and the parts requiring to be 
displayed. In many cases, however, the bones are found 
to be so firmly imbedded, and so brittle, that these means 
do not succeed, and when of moderate size, therefore, it 
is best not to attempt their removal from the stone, but to 
trim the block into a convenient shape and size, carefully 
cutting away with a chisel, the surrounding stone, so as 
to expose the most essential part of the fossil. In all 
cases where this can be done, it is a good method, foi 
such specimens have a double interest, since they at once 
illustrate the organic relic, and the formation in which it 
is found. 

51. Roman Cement another means. — When a bone is 
too imperfect to be united as a whole, it may be imbedded 
in Roman cement. This is of easy application, and the 
fissures and cracks may be filled up with it, taking care 
first to cover the parts with thin hot glue, or otherwise the 
cement, as it dries will shrink, and fall out. A thin coat- 
ing of mastic varnish over the whole, will tend to restore 
the color, and by excluding the air, to preserve the 
specimens. 

52. Preservation of fossil teeth. — The teeth, with the 
exception of the enamel, have generally undergone the 
same changes as the bones, with which they are asso- 
ciated. They are often so brittle as to fall in pieces in 
the vertical direction by the least force. When this hap- 
pens, the pieces must be joined with glue and held in 
place by a string, the superfluous glue being removed with 
a sponge and hot water. If there be any portion of the 
jaw-bone attached to the tooth, this ought to be carefully 
preserved, and the earth examined for other portions, and 
especially the articulations, or joints. 

The student, even from this brief review will perceive 
how many valuable facts may be unnoticed or irretrieva- 

How is plaster of Paris used to assist in the extrication of bones ? What 
18 said of Roman cement in repairing fovsil bones ? Do the teeth of animals 
decay with the bones f 
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blj lost, unless attention be given to the various circiun- 
stances under which fossil remsdns are presented to his 
notice. M. C. p. 56. 



CHAPTER VI. 



CONDITIONS IN WHICH FOSSIL VEGETABLES ARE FOUND 

53. The remains of the vegetable kingdom are pre- 
sented to the notice of the geologist in various conditions ; 
in some instances but little changed in their aspect, as in 
the recent accumulations of mud and silt, at the bottoms of 
lakes and rivers, and in morasses, and peat bogs; and 
also in tufaceous incrustations, in which decayed wood, 
and the leaves of plants, or their imprints, are preserved 
by being incrusted with calcareous particles. These with 
the small twigs of trees, well preserved, together with 
such other matters as are swept together by running 
streams, are found in semi-sohd masses on the borders of 
brooks coming from limestone districts, and owe their pre- 
servation and peculiar appearance, to the deposition o* 
calcareous matter with which such waters are charged. 
Such are called tufaceous formations, and are common in 
limestone districts at the present day. In some instances 
the wood is perfectly sound and the leaves still retain their 
color, having received their envelope of lime within a few 
months or perhaps weeks. These, of course, are recent 
fossils, and therefore are seldom the objects of legitimate 
geological inquiry, not being mineraUzed. 

54. Ancient vegetable remains. — Vegetables found in 
ancient deposits, have been preserved by various means, as 
by the permeation of calcareous particles, or of siliceous, 
or pyritous ; in other terms, by hine, flint, or sulphuret of 
iron. These are called petrifactions^ and are known 
severally under the names of calcareous ^siliceous andferru" 
ginous petrifactions, though the latter is improperly so 
called, beinff penetrated with iron instead of stone. 

55. Petrifactions often appear like the original wood. — It 

»' — — — ■ — 

What are tufaceous incrustations ? Are these mineralized or not ? What 
we the kinds of petrifactions mentioned ? Is the latter a petrifaction ? 
Why not? 
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18 not uncommon to observe specimens of fossil wood, 
taKen from ancient formations, so nearly resembling the 
wood itself, both externally and internally, that the casual 
observer mistakes it for what it once really was, and is 
only undeceived, when he finds in his hand a soHd stone, 
instead of a specimen of antediluvian wood. 

56. In siHcified wood, it is not uncommon to find the 
most minute and delicate structure of the original per- 
fectly obvious, and when placed imder the microscope, 
even the vessels which once conveyed the sap are dis- 
tinctly seen. Calcareous wood also retains its structiure, but 
being commonly less translucent, than the siliceous, the finer 
tissues are not so readily observed. In many hmestone for- 
mations, the leaves and seed-vessels of various plants are 
particularly well preserved. The ligneous coverings of nuts, 
and the strobiles, or cones of the pines and firs, are often in a 
perfect state of preservation, and in some rare instances, 
even indications of flowers have been detected. The 
sporules, or seeds, on the leaves of the fern tribe are often 
seen in specimens of coal-shale from Tilgate forest, in 
England, and also the resinous secretions of the pines and 
firs. 

. 57. Lignite and Coal. — But vegetables occur not only 
,js petrified stems, leaves, and fruits, associated with othei 
remains in strata, but also in beds of great thickness and 
extent, consisting almost entirely of plants and their 
leaves transmuted by that pecuhar process which vegetable 
matter undergoes when excluded from atmospheric influ- 
ence, and under great pressure, into carbonaceous masses 
known under the names of lignite and coal. And there 
are intermediate stages of this process, in which the form 
and structure of the trees and smaller plants are quite 
apparent, as in the peat-bogs and submerged forests of 
modem epochs, in which the fruits, leaves and trunks of 
xnown, and indigenous species are foimd. From these, a 
gradual transition may be traced to those accumulations 
of the extinct species of the ancient Flora, which, at the 
present day, is one of the great objects of geological 
research. 



What is said of the structure of silicified wood ? What parts of plants are 
found petrified ? Besides petrifactions, in what other conditions are plants 
found f What is said of tracing the vegetables of peat to those of the 
ancient Flora ? 
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CHAPTER VII. 

MICROSCOPICAL EXAMINATION Of FOSSIL PLANTJ 

58. The microscope is the instrument by which the 
structure of nearly all natural objects has been made 
known. The vessels, by which the vital circulation is 
carried on, are in most parts of animals, too minute to be 
distinguished by the naked eye, and in plants none of the 
beautiful mechanism by which they are nourished, and 
perpetuated can be observed and imderstood, without the 
use of this instrument. In fossil wood, as we have already 
seen (55) the structure is often as perfect as in the origi- 
nal tree, out some preparation of the specimen is required 
to make it apparent, even when magnified. 

59. Preparation of fossil wood for examination. — Mr. 
Nicol, of England, we believe, was the inventor of the 
method, now generally adopted for this purpose. His 
description is as follows. Let a thin sHce be cut (or chip- 
ped) off from the fossil wood in a direction perpendicular 
to the length of its fibres. The slice thus obtained must 
be groimd perfectly flat and polished. The polished sur- 
face is then to be cemented to a piece of plate-glass, three 
inches long and one wide, by Canada balsam. A thin layer 
of balsam must be applied to the polished surface of the 
slice, and also to one side of the glass. The slice and 
glas% are now to be laid on a thin plate of metal, and 
gradually heated to concentrate the balsam. The heat 
must not be so great as to throw the balsam into a state 
of ebullition, for if air bubbles be formed, it is difiicult to 
remove them, and they will prevent the adhesion of the 
two surfaces. The heat of the metal should not be so 
great as to bum the fingers. When the balsam on each, 
is concentrated, the slice and glass are to be applied to 
each other, with a slight pressure to expel the superfluous 
balsam. When the whole has cooled, the balsam around 
the slice must be scraped off with a penknife, and by this 
it will be seen whether the balsam has undergone the 
requisite concentration ; for, if it flakes off before the knife, 
it will be found that the slice, and glass will cohere so 
(irmly, that in the grinding, there will be no risk of sepa- 

Describe the preparation of fossil wood for the micvMCO^. 

3» 
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tion ; but, if the balsam has not been well concentrated, it 
will sHde before the knife, and in that case, the two bodies 
will not adhere with the requisite firmness. If the layer of 
balsam be not too thick, its concentration will be accom- 
plished in four or five minutes, if the heat be property 
regulated. The slice must now be groimd down to that 
degree of thinness, which will permit its structure to be 
seen under the microscope. This may be accomplished 
by rubbing it, by a rapid circular motion with the hand, 
oji a piece of sheet-lead supplied with a httle fine emery 
moistened with water. When the emery ceases to act, the 
muddy matter remaining should be removed, and a fresh 
portion applied. This being repeated until the sHce is 
perfectly flat, a sheet of copper is then substituted for the 
lead, and the fossil ground as smooth as possible, by flower 
of emery. It is then, and lastly, to be polished with crocus 
or rotten stone, on a transverse section of any soft wood. 
Being removed and cleaned of the balsam, it is then ready 
for examination. 



CHAPTER VIII. 



FOSSIL BOTANY. 



60. In the Linnaean system of Botany, the classes are 
chiefly distinguished by the number, situation, and propor- 
tions of the stamens which the flowers contain. *The 
orders are founded on the number of pistils ; on the situa- 
tion of the fruit, or on the kind of pericarp. The genera 
and species are also known by the number and situation 
of the stamens and pistils, or some other circumstance in 
which the flower is concerned. 

61. Fossil Botany founded on the wood and leaves. — Now 
it is obvious that the Linnaean system cannot be applied to 
Fossil Botany, since the plants of the ancient Flora have 
lost all the distinctive characters, above named, neither 
their pistils, stamens, nor any other part of their flowers 
being preserved. It is true that in the class Cryptoga- 
mia where the flowers are wanting, or the fructification 

On what are the classes of the Linnsean system of Botany founded ? On 
what the orders, genera and species 7 Why will not the common system of 
Botany apply to fossil yegetables. 
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is so concealed as not to be a ^uide in their distinctive 
organs, that the characters of recent plants, may to a cer- 
tain extent, be applied to fossils of the same class. Thus 
the ferns of the ancient world, on being compared with 
those now growing, have in some instances been found 
analagous, though always of a different species; nor 
indeed has it been foimd, in a single instance, that any 
fossil vegetable could claim arrangement with a known 
species now growing. How far an agreement could be 
traced between the ancient and present Flora, had we the 
means of comparing their organs of fructification, of course 
cannot be known. It is, however, true that the internal 
structure of fossil wood, and the impressions left by fossil 
leaves, show that they did not materially diflfer in these 
respects from the wood and leaves of the present day. 

62. Division of the vegetable kingdom founded on the wood 
and leaves. — We shall now give such an explanation of 
what is termed the natural system of Botany as will be 
required at the commencement of the study of fossil 
vegetables. 

There is a distinct and wonderful division of a large 
proportion of the vegetable kingdom into two grand, but 
unequal classes, dependent on the structure of the wood or 
stems, and the leaves of each, the seeds of each class also 
corresponding with this structure. These divisions are the 
Monocotyledonous and the Dicotyledonous. These terms 
are derived from the number of cotyledons or seed lobes ; 
which the seeds of each contain ; the first being derived 
from the Greek monos, single, and cotyledon, and the other 
from dis twice, and cotyl^on. Examples of the first are 
wheat, Indian com, the sugar-cane, the palms, &c. ; of the 
second, the bean, acorn, chestnut, filbert, &c. 

CLASS I. MONOCOTYLEDONOUS PLANTS. 

DISTINCTIVE CHARACTERS. 

63. Leaves with parallel veins ; stem with no distinction oj 
wood^ hark, and pith ; cotyledon one^ and if two^ placed alter^ 
nately. — Some of the most striking ando^bvious distinctions 

Do any of the ancient plants belong to known species ? On what are the 
two Krand natural divisions of plants founded ? What are the two grand 
divisions of the vegetable kingdom ? On what are these divisions founded, t 
Give examples of each claas. 
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of this class are, that the wood or stem increases on the 
inside, by general accretion; that the bark is so in- 
corporated with the wood that no distinct separation can 
be effected ; that the wood has no concentric layers, show- 
ing the annual growth ; and that the leaves have^ pa- 
rallel veins. From the circmnstance that plants of this 
class increase from within, they are called Endogenous 
plants, from two Greek words signifying internal increase^ 
and the class is called En^ogenje:. 

CLASS II. DICOTYLEDONOUS PLANTS. 

DISTINCTIVE CHARACTERS. 

64. Leaves reticulated ; stem with wood^ pithy bark, and 
medullary rays ; cotyledons two or more, placed opposite to 
each other. — The most obvious characters of this class are, 
that the wood increases by concentric layers on the 
outside, showing, when cut transversely, annual rings ; 
that the bark and wood are distinct, being readily sepa- 
rated ; that the wood has medullary rays ; and that the 
leaves have reticulated, or net-like veins. The vegetables 
of this class, from the circumstance that their increase is 
on the outside are called Exogenous, from the Greek, 
signif3dng external increase, and the class itself is called 

ExOGENiB. 

ENDOGENOUS, OR MONOC OTYLE DON OUS STRUCTURE. 

65. The wood and cellular tissue, in the plants of this 
class appear to be mixed together, without any order, there 
being no distinct circles of growth, or radiating medulla, nor 
is there any pith at the centre. The leaves present no artic- 
ulations to the stems, leaving scars when they fall off as 
in the Exogenae. The leaves are often attached by a 
large surface, sometimes clasping the stems in a partial 
circle and never detaching themselves spontaneously, as 
in Indian com, wheat, and sugar-cane. 

66. Cellular tissue. — The stems of both classes are in a 
considerable proportion composed of cells, but one of the 

What are the obvious distinctive characters of the first class. What 
those of the second ? Why is the first class called Endogenae ? Why are 
the plants of the second class called Exogenous ? What is the structure 
of the wood in the Endogen® ? How does this wood increase ? How are 
the leaves attached. What are examples of this class? What tissue pre- 
vails in the wood of this class ? 
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peculiar distinctions between them,ia the manner in wifiich 
they are airanged. In the Endogenic, the cellular tissue 
BO prevails, that the stems, when cut transversely, appear 
to be composed of little else than cells and membranes in 
a confused mass, with strings, or longitudinal fibres inter- 
speised. Lign. I. 





Eudogeuoue Stracture. 

67. This is shown by Ltgfl. 1. Fig. ], which represents 
the transverse section of a stem of sugar-cane. A stem of 
Indian com is perhaps a more familiar example and shows 
a very similar appearance. 

68. The longitudinal structure of the same plant is rep- 
resented by Linn. I, Fig. 2, by which it is obvious that 
such stems are made up of masses of cells with membranes 
between them. 

LMN. S. 

Yig.Z 




EiulogenoQB 1/aS. 
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69 The monocotyledoDOUB seed, in its geimmatisg Btate, 
is repTesented by Lign. 2, Fig. 1, maize, wheat, and oats, 
where the leaves appear a few inches aboTe the ground 
are examples, 

70, The Endog^ous leaf ja represented bj Lign. 2, Fig. 
2. It will be observed that it has a amootb stuface, with 
parallel veins running from one extremity to the other, with 
little bars between them. This example ia from the 
Gloriosatuperba. 



71. As we have seen, the name of this class means 
"two cotyledons," but in several instances, plants belong- 
ing here, aa in case of the pines, have four seed lobes. 
Tbeae, however, are only exceptions to a general law. 
This class is most obviously distinguished from the other, 
by the concentric rings and medullary rays of the wood ; 
the easy detachment of the bark, and the net-like appeai- 
tuifi of the leaves. 




72. This structure of the wood is apparent in every log 
(md limb, when sawn transversely and ia represented by 
Lign. S. Fig. 1, in which all these parts are apparent. 

73. The longitudinal structure of the wood is repi«- 
sentedby Lign. 3. Fig. 2. This structure differs from that 
already described as the cellular, in having another set of 
organs, called the spiral vessels, which are not found in 
the Endogente. 
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74, The Dicotyledonous seed is represented in the gw- 
minating state by Lign. 4, Fig. 1. The bean, acorn, and 
pea are familiai examples. 




75. The reticulated leaf of the Exogenee is represented 
by Fig. 2. This example is from the apple-tree, and it 
will be seen that the veins run in every direction, instead 
of being parallel as in tlie Endogenie. 

76. To the Monocotyledonous class belong the palma, 
the cocoa-nut, canes, and many other species chiefly grow- 
ing in hot climates. All the grasses and lilies also belong 
here. The Dicotyledonous, includes the oak, chestnut, 
and walnut, with all the other forest trees of northern 
climates. 



77. The cone-bearing trees, as the pinea and tira, an 
extensive and important class, have, as already stated, foul 
cotyledons, and though considered by their growth as 
belonging to Ejtogenous vegetables, still, in the structure 
of the wood they differ from both the other classes, and 
therefore must be described as a distinct family. 

78. In structure, the wood is similar to that of the Exo- 
gentB, already described, consisting of cells, or tubes and 
membranes ; but in addition to these, the coniferte exhibit, 
under the microscope spots or glands as shown by Lign. 5, 
Fig. 1. A branch of larch, orpine split longitudinally and 

Wh>l iniportant fnmities of plant) belongtc ihe aHjDocotyledonaua d«a* 
WhU to th< dicotytedonoiM T 
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highly magnified eshibila this structure so eleariv as ai 
OLce 10 distinguish it from either of ihe other classes ; 
and in the fossil remains of thia family, this glandular 
tissue is so apparent as seldom to mislead ihe experi- 
menier aa to the family to which his specimen belonged. 
These glands are supposed to be the organs which secrete 
the resinous fluid on which the odor of this familj depends 
and that exudes in the form of turpentine. 



Comterous wood. 
Besides this peculiar glandular structure, the coniferous 
family exhibits, in addition to (he concentric and radiating 
lines of Exogenous wood, a system of reticulations, or 
fibrous crossings exhibited by Lign. 5, Fig. 2. and by which 
this family is distinguished fromallothers. The cross lines 
a, a, indicate the annual circles of growth. The stmclure 
is somewhat apparent to the naked eye when a pine log 
is sawn across, but is best seen when highly magnified 

79. Among fossil remains of wood, none are said (o be 
ao common as those of the coniferous, or pine family, and 
it is asserted, that in a few instances, these rehcs of the 
ancient forests have been found to belong to genera now 
living, and that others ate referred to the genus Araucaria, 
which comprehends some of the tallest trees now growing, 
as the Norfolk pine, which sometimes rises to the height 
of 250 feet. 

These discoveries says Dr, Bucljland are highly import- 
ant as they afford examples among the earliest remains 



nains of wood sre said 
Bed with liringgeners' 
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of vegetable life of identity m minute details of internal 
organization, between the most ancient trees of the prime- 
val forests of our globe and some of the largest living 
coniferae. 

A trunk of Araucaria forty-seven feet long was found 
in a quarry near Edinburgh in 1830, and another three 
feet in diameter and twenty four feet long was found in 
the same quarry in 1833. The longitudinal sections of 
these trees imder the microscope exhibit, hke the recent 
Araucaria excelsa^ small polygonal disc s, arranged in double, 
triple, and quadruple rows within the longitudinal vessels. 
A specimen of the same fossil from New Holland exhibits 
the same structure, indicating the wide extent of this 
genus in the forests of the ancient world. 

80. It appears that the coniferae are common to fossil- 
iferous strata of all periods ; they are least abimdant in 
the transition series, more numerous in the secondary, and 
most frequent in the tertiary series. Hence we learn that 
there has been no time since the commencement of terres- 
trial vegetation on the surface of the globe, in which large 
coniferous trees did not exist ; but our present evidence is 
insufficient to ascfertain with accuracy the proportions 
they bore to the relative numbers of other families of plants 
in each of the successive geological epochs, which are 
thus connected with our own, by a new and beautiful 
series of links, derived from one of the most important 
tribes of the vegetable kingdom. 

CYCAS FAMILY. 

81. This is a small order of curious plants differing in 
some respects from all others. Linnaeus had arranged 
them with the palms, but Brown suggested their analogy 
to the Coniferae, while Brongniart proved by their hgneous 
structure that they belonged to that family. The Cycas 
and the pines form a Botanical family, peculiar to them- 
selves in one respect, viz. that their seeds are naked, or 
without covering of any kind, and hence they are called 
Gymnospermous, (naked seeded.) 

In respect to the hgneous structure, the Cycas differs 
from all other vegetables, combining in certain features 

What is said of the prevalence of coniferous trees during ancient penods T 
What are the Botanical relations of the Cycas family ? 




the !Rxogena9, the fems, and the pines. A ehce, or trans- 
verse Bection of this plant is represented by Ltgn. 6, having 
a central pith with woody layers separatM by a condensed 
line, and consisting of elongated cellular tisBue, arranged 
in a regular series, with medullary rays and bark. 



82. The family Cycadete comprehends two living 

fenera, the Cycas and the Zamia, of which there are fivs 
nown species of the former and about seventeen of the 
latter. Not a single species of either are indigenous in 
any part of Europe, being found only in hot climates, as 
equinoctial America, WesC Indies, India, &c. They are 
common in hot -houses, where they excite attention by their 
peculiar appearance, having a large Repressed body, or 
trunk, resembling a pine-apjSe, with a tuft of leaves arran- 
ged on long stalks, springing from near the top, and 
resembling at once the palms and the fema. 



uas. T. 




Zanua apirolia. 

The Zamia spiralis, from Australia is represented by 
Lign. 7. This will give a good idea of both species, the 
Cycas being of similar form and habit. 

WhU 19 Ihe ligneous Binctiire of Ihia fsmily' WhU ia said of lb* 
Zamia, uidia what familf ii it allied? 
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Aleaf of the fossil Zamia is shown by Lign. 8. Thu 
VBS a veiy perfect Bpectmen from the Slonesfield slate in 
England, being nine inches long. 



83. This is the last class of the Linnxan arrangement, 
and contains all such plants as have no perceptible organs 
of reproduction, and consequently cannot be arranged in 
any of the other classes. It is necessary to give some 
accountofthepecuharitieaof this large family here, for the 
use of the student in fossil botany, who is not well ac- 
quainted with the science generally, since a large propor- 
tion of the fossil vegetables found in the lower strata 
belonged to this class. 

The principal families belonging to this class are the 
Ferns, Eqvusetums, Lycopodiums, Lichens, Liverworts, 
Sea-weeds, or Algs, and the Fungi, or mushrooms. 



84. The family of ferns, aays Dr. Euckland, both in 
the hving and fossil Flora, is the most numerous of vas- 
cular Cryptogamoua plants. Our knowledge of the geo- 
graphical distribution of existing fema, as connected with 
temperature, enables us to appreciate the information to 
be derived from the character of fossil species, in regard 
to the early condition of the climate of our globe. 

The total number of known fems, now growing in dif- 

Wbsie is the Zunii found! Why cannot cryptog^ic fjlsntsbe cisised 
Aioapt I9 themmlrM > Wbnt ua Urn prinnipiit {unilVB* tn cn\^av>°°^'^ 
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ferent parts of the world, amount to about 2,000. In north 
em climates they never exceed the height of a few feet, 
the common brake, or poljpodj being a medi\m:i specimen 
in size. But in hot climates, the arborescent, or tree ferns, 
assume the size of forest trees. One standing on the stair- 
case of the British museimi, is 45 feet high, and is a na- 
tive of Bengal. 

85. Structure of the Ferns. — The stems of arborescent 
ferns are distinguished from those of all other endogenous 
trees, by the peculiar form and disposition of the scars 
from which the petioles, or leaf-stalks, have fallen off. In 
the palms, the leaf-stalks embrace the stem, and leave 
broad transverse scars, or rings, whose longer diameter is 
horizontal In case of the ferns alone, the scars are either 
elliptic or rhomboidal, and have their longer diameters ver- 
tical Several of the other families of the cryptogamic 
class are found in the fossil state, especially the equise- 
tums, and the lycopodiums, or club-mosses, and occasion- 
ally the fuci or sea-weeds, and the lichens. The fuci are 
called Agamous, that is, without sex, as they have no 
seeds. 



CHAPTER IX. 

MODE OF INVESTIGATING FOSSIL PLANTS. 

86. Having thus given such an epitome of the Botany 
of the classes and orders of plants as are most commonly 
found in the fossil state, as is required by the student at 
the commencement of his inquiries, and having also given 
such illustrations and descriptions of the structure of each 
class and family, as our limits will admit, we now pro- 
ceed to describe the methods of applying this information 
in discriminating the objects in question, according to the 
directions of the British Fossil Flora. 

87. The authors of this work, Lindly and Hutton, say, 
" That a few isolated, and often-times very imperfect data, 
exclusively afforded by the remains of the organs of vege- 

What is a common example of the ferns of our country ? Wliat is said of 
arborescent ferns ? 
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tation, are the sole guide to the class, order, or genus of 

the fosail plant which the geologist has to examine ; henoe 
a general idea only can often be obtained of the original" 
As already staled, (61,) no part of the flower is found, 
and thereforo our knowledge of the character of the fossil 
must depend on the examination of the structure, or or- 
ganization of the wood and leaves. 

88. Examinaiim of the trunk or stem. — Obaerre wheth- 
er a traoBverae section of the petrified trunk or stem is 
disposed in concentric circles, as shown by Lign. 3 : if so, 
it belonged to an exogenous tree. If, on the contrary, the 
wood Beema to have been deposited in irregular spots, 
Lign. I, it ia endogenous. If a transverse section show 
remains of sinuous, unconnected layers, resembling arcs, or 
crooked lines with their enda directed outwards, these arcs 
being of a soUd structure, and imbedded among looser 
tissue, Lign. 9, then it belonged lo an arboreacent fern, 
sections of which the cut shows. 




89. If the stem be in a state of preservation, bo that .. 
will admit of slicing or chipping off a piece for microsco- 
pical examination, by the process already described, (Chap. 
Vn.,) that should be employed. If the atnicture be en- 
tirely cellular, and it can be ascertained that it never pos- 



If a nectioQ of wood is disDoied in co 
long! If disposed in irteguUr spots, ' 



does it beloni 7 If the lolid 
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sesticd vasculax tissue, the plant belonged to Ciyptogamia 
as the fuci, mosses or lichens. 

90. If the specimen consists of parallel tubes, having 
neither pith nor rays passing from the centre to the cir- 
cumference, the original was endogenous, and probably 
belonged to the palm family. If, however, any traces of 
tissue be detected crossing the longitudinal tubes at right 
angles, radiating from the centre towards the circumfer- 
ence, this will prove the existence of medullarywrays, and 
the tree must have been exogeneous, as the oak or chesnut. 

91. If the transverse section shows a central pith, with 
layers separated by a condensed line, with elongated cel- 
lular tissue, and faint rays, Lign. 6, the original belong- 
ed to the Cycas or coniferous family. 

If the tubes of a longitudinal section be studded with 
glands, and has medullary rays, with signs of concentric 
circles, Lign. 5, it undoubtedly belongs to the conifersB, 
or pine family. 

92. If any vestige of central pith be discovered, the exo- 
genous nature of the original may be inferred ; and if, in 
addition to this, signs of a true cortical investment or bark 
be discovered, there is no doubt but the tree belonged to 
the Dicotyledonous class ; while a cortical investment, or 
rind, not separable from the inclosed structure, indicates 
the endogenous class, and the entire absence of any rind 
shows the cryptogamia. 

93. Marking of the stems. — The markings on the stems, 
occasioned by the scars, or spots left by the separation of 
the petioles, or leaf-stalks, afford important evidence with 
respect to the class to which the tree belonged, since they 
are present when the trunk is flattened by compression, 
even to a thin layer of coal. By these markings it can 
be seen whether the leaves were alternate or verticillate, 
opposite or spirally disposed, or whether they clasped the 
stem horizontally, or extended vertically up and down the 
stem. It will also be apparent whether the leaf was cast 
off annually, as in deciduous trees, leaving a clean scar, or 
whether it was broken off by force, showing the marks of 

If of parallel tubes, without jith or rays, where is its place ? What are 
the marks of the Cycas ? What those of the pine ? If a central pith be 
seen, where does it belong? If the rind be absent, where is its place? 
What can be inferred from the scars of the leaves on the stems of fossil 
plants? 



\ 
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rupture, by leaving a part of the footstalk, or taking with 
it a portion of the bark. 

94. Examination of the leaves. — In the fossil state, the 
texture and surface of the leaf are sometimes preserved, 
though, in general, the outline and its divisions, and the 
arrangements of its veins, can only be ascertained. The 
venation^ that is, the form and distribution of the vascular 
tissue, or veins of the leaf, is the most important charac- 
ter which the geologist can have for his guidance. 

95. If the veins are parallel, not branched, but only con- 
nected by transverse bars, the leaf itself being undivided, 
Lign. 2, as in the lily and maize, the plant was proba- 
bly endogenous ; but if the leaf be divided, as shown by 
Lign. 8, it must be referred to the Cycas, or Zamia. 

96. Leaves having the veins of equal, or nearly equal 
thickness, and dichotomous, or forked, the leaves them- 
selves being small, with fine veins, and pinnated ; and 
especially if the sporules or seeds have left dots on the 
back of the leaf, or frond, the specimen clearly belonged 
to the fern tribe. 

97. If the veins be obviously of unequal thickness, that 
is, largest towards the petiole, and smaller towards the 
apex, or disposed in net-hke meshes, (reticulated,) as in 
the rose and apple, Lign. 4, Fig. 2, the tree was undoubtedly 
dicotyledonous. 

98. Leaves of large size, having no veins and irregular- 
ly gashed or divided, are probably of marine origin, and 
are of the fuci family. 

According to the authority of the British Fossil Flora, 
and the Medals of Creation, such are the rules for the 
investigation and interpretation of the characters of the 
stems and foliage, which have been preserved by min- 
eralization. Their application, it is said, is not difficult; 
and the student may, by their assistance, obtain some 
geneml indications as to the nature of the original tree, 
or plant, whose petrified remains form the subject of his 
examination. 

What is said of the venation of fossil leaves ? If the veins are parallel 
Mfhere did it belong ? If the veins are parallel, but the leaf divided, what 
is inferred ? What are the indications of the ferns from the leaves 7 L 
they are reticulated, where did they belong ? If lai^e and gashed and 
reinless, where f 
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CHAPTER X. 

DU&ABILITY OF THE FE&NS. 

99. The great preponderance of the ferns, and of the 
higher orders of the cryptogamic plants, in the Flora ol 
the ancient world, having excited, in a peculiar degree, the 
attention of naturalists, and it being conceived that the 
total absence of certain kinds of plants, and the constant 
presence of others, with other points of the like nature 
and interest, might be accounted for by a difference in the 
capability of one plant to resist the action of water beyond 
another. Dr. Lindly resolved to try the result by actual 
experiment. 

100. He therefore, on the 21st of March, 1833, filled a 
large iron tank with water, and immersed in it 177 speci- 
mens of various plants, belonging to the more remarkable 
natural orders, taking care, in particular, to include repre- 
sentatives of all those which are constantly present in the 
coal measui'es, or as universally absent. The vessel was 
placed in the open air, left imcovered, and was untouched, 
with the exception of filling up the water as it evaporated, 
till the 22d of April, 1835, that is, for rather more than 
two years. At the end of that time, what remained was 
examined, when the following highly curious results were 
obtained. 

101. In the first place, it was found that the dicotyledo- 
nous plants had in general wholly disappeared, whence 
it was inferred, that they could not remain for two years 
in water without being totally decomposed. On the con- 
trary, the principal part of those found in an undecayed 
state, were the coniferae and cycadeae, which are the very 
individuals found best preserved in the fossil state. 

102. Secondly, it seemed that monocotyledonous plants 
survived to a considerable degree ; whence it was con 
eluded that they are more capable of resisting the action 
of water, and in particular the palms, than the exogenous 

What was Dr Lindly's experiment to test the durability of plants in 
water ? What was the result ? Did it agree with what is known of the 
durability of fossil plants ? What is said of the durability of monocotyle 
donous plants ? 
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tribes, which again agrees with their fossil relics ; but 
the grasses and sedges had perished; whence it was con 
eluded, that although none of these may be found as fossils, 
still we have no right to infer that the earth, in the prime- 
val state, was not clothed with the grasses, since there is 
reason to beheve, that had this been the case, they might 
have entirely disappeared. 

103. Thirdly, the fungi and mosses, and all the lower 
forms of vegetation, were not to be found, and even the 
eqmsetums, though of considerable size, left no traces be- 
hmd. 

104. Fourthly, the ferns appeared to have the greatest 
power of all the plants tried, to resist the decomposing 
effects of water, especially if immersed in the green state, 
for not one of them had disappeared during the experi- 
ment ; there being no decay, except that the spots of fruc- 
tification had disappeared, a result often, if not constantly, 
met with in the fossil state. • 

105. From these experiments. Dr. Lindly assumes, as a 
general result, that the numerical proportion of different 
families of plants found in the fossil state, throws no light 
whatever upon the ancient climate of the earth ; but that 
the species and nmnbers found, depend entirely upon the 
power which particular families may possess, by virtue of 
the organization of their cuticles, or otherwise, of resisting 
the action of the water in which they floated previously to 
their being fixed in the strata in which they are now 
found. Bd. 308. 



CHAPTER XI. 



SUBMERGED FORESTS, PEAT AND LIGNITE. 

106. We shall precede our description of individual fos- 
sil plants, by an account of the effects of water and pres- 
sure on vegetables, tracing the transition from peat to 
lignite. It will be remembered that the coal fields, besides 

• 

What of the grasses ? What inference not necessary, because no ves- 
tiges of grass are found ? What of the fund and mosses ? What of the du- 
rabilitr of the ferns f What does Dr. Lindly assume fTom\AseT^«tVE&!efiX\ 
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owing their existence to vegetables, are at the present day 
the great depositories of organic fossil remains, and henca 
the interest which geologists have always taken in every 
thing concerning these formations. In a nation depend- 
ent entirely on this source for fuel, and where vast exca- 
vations are increased every year by the unremitted labor 
of thousands of men, constant opportunities are afforded 
for men of science to make new discoveries, and detect 
new objects of geological interest. And where the most 
untiring ardor, wealth, and science are combined to cany 
forward such investigations, and give the world the result, 
as is at present the case in Great Britain, other nations, 
not possessing such advantages, must look to this source 
for at least the elements of most that is known on geolo- 
gy at the present day. And this is indeed the case, fot 
the English are doing more at present to make geology, 
as a science, interesting, understood, and appreciated, than 
all the rest of the world. • 

107. The phenomenon of extensive tracts of marsh 
lands, having layers of prostrate trees of all ages, lying 
but a few feet beneath the common alluvial soil, is of fre- 
quent occurrence, both inland and along the shores of the 
sea in various countries. These submerged forests are 
often situated below the level of the sea, and thus afford, 
says Mr. Mantell, unquestionable proof of the subsidence of 
the land at the places where they are found. The trees 
are readily distinguished, and are of the kinds indigenous 
to the districts in which they occur ; and leaves and seeds 
of the hazel, beach , elm, and other trees are often pre- 
served in the silt, (fine sand and clay left by running 
water,) in which the prostrate forests are engulfed. 

108. The wood in these cases has undergone no change 
but that of being dyed black, from the impregnation of 
iron, which, combining with the tannin of the plants, forms 
an ink, that in its turn stains the materials of which it 
was made. Many of the trunks are as soimd as when 
submerged, and are not unfrequently taken up and employ- 
ed in building. The oak of the ship Royal George, lately 
raised up off Portsmouth, England, after being immersed 
more than sixty years, was perfectly undecayed, and close- 
ly resembled in color and appearance, submerged wood. 

What is the inference with re»pect to the land where submerged forests 
are found ? Are the trees u( known species, or not ? 
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Associated with these buried vegetables, the bones of deer 
and swine are occasionally found, and the canoes and 
stone implements of the aboriginal inhabitants. 

109. In the extensive peat bogs of Ireland, large forest 
trees are often buried, together with the skeletons of elk, 
deer, and other animals of the chase, and sometimes the 
bodies of the primitive hunters, wrapped in skins. In Bel- 
fast Lough^ a bed of sub-marine peat is situated beneath 
the ordinary level of the waters, and in which the trunks 
and branches of trees, with vast quantities of hazel-nuts 
are imbedded in the peat ; the whole being covered by 
layers of sand, shells and silt. 

110. In most cases the nut-shells of peat bogs are 
empty, the kernels having decomposed, and by some 
means escaped; but in some instances their places are 
filled with calcareous spar, the outside being still entire, 
and without a particle of the spar adhering to it. 

111. Age of Peat.— In all cases peat appears to have 
been formed since the present order of things, or since the 
deluge, while it seems equally true that coal of all kinds, 
including hgnite, was formed before that epoch. Hence 
some geologists have inferred that in process of time, peat 
bogs would become coal fields. 

112. Antiseptic power of Peat. — It appears, from the 
'bllowing accoxmt, that peat has the power of preserving 
Ejiimal matter from putrefaction and decay. 

In the year 1675 two persons, a farmer and a woman, 
were crossing the peat moors, in Derbyshire, when they 
were overtaken by a storm of snow, and both perished. 
This happened in January, and, in May, the bodies being 
foxmd, were buried on the spot. Here they lay twenty- 
eight years and nine months, when the curiosity of some 
persons, probably having heard that peat would preserve 
dead bodies, induced them to open the graves, and this 
they found to be true ; for the bodies appeared quite fresh, 
the skin fair, though somewhat darker than natural, and 
the flesh as soft as that of persons lately deceased. 
These bodies were afterwards often exhibited as curiosi- 
ties, imtil the year 1716, forty-one years after their deaths, 
when they were finally buried by the order of the farmer's 
descendants. At this time a medical man, who examined 

What is said about the age of peat ? What of the age of coal ? What 
have geologists inferred with respect to peat bogs? 
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these bodies, says, that the man was perfect ; his beaid 
was strong, his hair short, and the skin hard, and of the 
color of tanned leather. The body of the woman was 
not so perfect, but her hair was like that of a living 
person. 

113. At the battle of Solway, in the time of Henry VIII, ' 
(1546,) when the Scotch army was routed, an unfortunate 
troop of horse were driven into the Solway morass, and, 
sinking down, men and horses, the surface closed over 
them. A tradition of this catastrophe has always been 
kept alive by the people of the neighborhood, and the place 
where it was supposed to have happened, designated. 
This tradition has been authenticated within the memory 
of man ; a man and horse, in complete annor, such as was 
worn in Henry's time, having been found by the peat dig- 
gers, in the place where it was believed the accident 
occurred. The bodies of both man and horse were well 
preserved, and the different parts of the annor readily dis- 
tinguished. These cases are from different authorities, 
but are well authenticated. 

114. Causes of the Antiseptic property of Peat. — This 
property has been attributed to the carbonic and gallic 
acids, which are set free during the partial decay of the 
vegetables, and also to the gums and resins which various 
plants contain. Others have attributed this effect to the 
tannin which it is well known peat contains. It is most 
probable, however, that this property is owing to the forma- 
tion of pyroligneous acid during the decomposition of a 
part of the plants, when first immersed, and by which the 
others, as well as animal matter, are preserved. It is true 
that we can make this acid only by destructive distillation 
of the wood ; still, it may be conjectured that the natural 
destruction of the same organic substances may produce 
the same effect. 

LIGNITE, BROWN COAL, CANNEL C O A 1. . 

115. The carbonized wood known by these names often 
exhibits an obvious ligneous structure, so that some speci- 
mens appear similar to the imperfectly burned wood in the 
process of making charcoal. Its chemical characters are 

» ■ ■■■-■■■ ■ ■ — ■ 

What is said of the antiseptic property of peat ? What facts are cited 
in proof of this quality? What is this property attributed to? What is 
lignite ? 
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between wood or peat and perfect mineral coal, having 
the bitiiminous odor of the latter, and the texture and 
inflammability of the former. It is generally deposited 
among the newer strata, but is sometimes also found in 
the older tertiary formations ; it is not imfrequent in some 
of the ancient secondary deposits, and may occur in the 
earliest sedimentary rocks which contain organic remains. 

116. The newer deposits of brown coal are commonly 
situated in depressions, or basins, as if they had been pro- 
duced by the submergence of woods and forests, beneath a 
swamp or morass. Specimens often exhibit the carbon- 
ized ligneous structiure passing into a pure black coal, 
differing in no respect from pure coal, except that its weight 
is less. 

117. The Bovey coal is in the state of bituminized 
wood, the vascular tissue, which is often coniferous, being 
very apparent. It is easily chipped, or split, and it leaves 
a considerable quantity of white ashes when burned. 
The layers of coal differ from one to three feet, and there 
are eighteen or twenty in a depth of 120 feet ; this coal field 
extends seven or eight miles. No fruit or leaves have been 
foimd in this formation. Calcareous spar and sulphuret of 
iron prevail in many of the strata. In some places this 
brown coal is covered by a bed of peat, in which trmiks 
and cones of firs are foimd. The whole series of strata 
appears to have been a lacustrine deposit, into whose basin 
rafts of pine wood were drifted by periodical land floods. 

118. The brown coal formation on the bank of the 
Rhine presents the same phenomena, on a more extended 
scale, and complicated with changes induced by volcanic 
action. In Iceland, where at the present time forests, 
or even trees are unknown, there are extensive deposits of 
lignite of a peculiar kind, called surturbrand, which serve 
the inhabitants for fuel, or otherwise that country would 
be uninhabitable. 

1 19. That well-known and beautiful substance called 
^et, is a compact black lignite, and the vascular tissue 
Diiay be detected even in the most solid masses, when pre- 
pared in thin sUces, and submitted to the microscope in the 

What are the chemical properties of lisnite ? What is the appearance 
of lienite ? What is said of Bovey coal f What is aaid of lignite of * 
aiid T What is the origin of it ? 

5 
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manner described. When made rerj thin, it appean hf 
transmitted light of a lich brown cokr. 

120. There are manj localities of brown coal in Eng- 
land, and in other parts of Europe : and in oar own 
country the town of Limeiick. in the state of Maine. afSxda 
an extensive bed. In this instance the coaL which is sim- 
ilar to cannel coaL appears to be now fonning. being found 
at the depth of only three or four feet, and amidst the 
remains of rotten logs of wood, and beaver siicJks, that is, 
limbs gnawed bj beaveis. The peat is twenty feet thick, 
and rests on white sand. Some specimens were found 
highly bituminous, wlding seventy-two per cent, of iHtiJh 
men. Polished shces of this coal exhibit the peculiar struc- 
ture of coniferous wood, and prove thai it was derived firom 
a species allied to the American tir. M. C. p. S'2. 

Having already showni (16 to 21) the vegetable origin 
of coal, it is unnecessary to recapitulate here the proofii 
already adduced on that subject ; the object of the above 
remarks on peat and lignite being rather to show the 
efSscts of time and moisture on vegetables preparatory to 
entering on the description of individual fossils, than to 
treat of the origin of coaL 



CHAPTER XII. 

GEOLOGICAL FORMATIONS 



121. Befobe proceeding further on the subject of organic 
remains, it is necessary to give the names and relatire 
position of the strata in which they are found. This will 
be followed hereafter with a description of the individual 
rocks and deposits, the arrangement and materials of the 
different classes of strata being inserted here with refer- 
ence to the fossils they contain, an account of which is to 
follow. 

ARRANGEMENT OF STRATA AND ROCKS. 
7088ILI7E&0U8 DEPOSITS. 

122. The tabular view which follows will give a gen- 
eral idea of the various formations, with respect to their 

How it it prored that it orifinrntad from wood ^ 
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ordef of succession, their composition, and the fossils they 
respectively contain. It may be considered a chronological 
airangement, beginning with the most recent formaUons 
and proceeding downwards to the most ancient. 

I. ALLUVIUM. 
L D&IFT, 0& MODERN ALLUVIUM. 

123. This includes the deposits now in the course of 
formation, or the sand left by rivers and lakes, as well as 
peat bogs, coral limestones, volcanic products, and the 
tufaceous or calcareous incrustations from mineral 
springs. 

II. DILUVIUM. 

124. Containing the bones of animals, often of colossal 
size, as those of the mastodon, the mammoth, rhinoceros, 
hippopotamus, elk and whale. These accumulations also 
contain boulders, and other drifted materials, and by some 
geologists are supposed to be the effects of the Noachian 
deluge. The tusks and bones of elephants, foimd in such 
vast quantities in the northern hemisphere, are supposed to 
have been buried during this period. Hence these are 
called diluvial accumulations. 

II. TERTIARY FORMATIONS. 

III. FOSSILIFEROUS GROUP. 

125. This is an extensive series, comprising, often, 
vast accumulations of marine, lacustrine and fluviatile 
deposits, as shells, sand, boulders, plants and the remains 
of animals, both of extinct and of existing species. Dur- 
ing this period the earth was rent by volcanoes and tre- 
mendous floods, both of fresh and salt water. 

Mr. Lyell has divided the Tertiary period into three 
distinct sub-periods, depending on the ages of the organic 
remains they contain. These are the — 

(a.) Pliocene {more recent.) The strata of this period 
contain remains, chiefly shells, of which about ninety per 
cent, are recent, or now living. 

{h.) Miocene {less recent.) The strata of this period 

What does the modern alluvium include ? What do the ImmIs of diluvi- 
uin contain ? What do the tertiary formations include ? What are mewil 
oy the pliocene, miocene and eocene periods ? 
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contain about twenty per cent, of recent shells, the re- 
mainder being extinct. 

(c.) Eocene {dawn of recent.^ So called because, during 
this period, the first recent shells appear, being about five per 
cent. They are found in the London clay, Paris basin, &c. 

III. SECONDARY FORMATIONS. 

IV. THE CHALK, OE CRETACEOUS GROUP. 

126. A marine series of formations, including strata of 
limestone, sandstone, marls and clays ; and aboimding in 
marine organic remains of shells, mollusca, corals, fish, 
turtles, crocodiles, and other extinct fossils. The remains 
of birds are also found in this group. 

V. THE WEALDEN FORMATION. 

127. This is -a peculiar -fresh-water deposit in England, 
apparently the delta of an ancient river. It contains 
beds of sandstone, clays and limestone, with occasional 
layers of lignite, and is particularly characterized by the 
remains of peculiar aquatic reptiles, viz. Iguanodon, Mega- 
losaurus, Plesiosaurus, Crocodile and Turtles. It also 
contains endogenous plants, with petrified remains of the 
cycadeae and coniferae. Clays and limestones, almost 
wholly composed of fresh-water snail-shells and minute 
Crustacea, occupy the upper place in the series. 

VI. THE OOLITE FORMATION. 

128. A marine deposit of great extent and thickness, 
consisting of limestone and clays, which abound in marine 
shells, corals, fish, reptiles, both of terrestrial and marine 
species, together with the remains of land plants, and of 
two genera of peculiar animals of the marsupial^ or pouched 
order. 

This formation has many localities in different parts of 
England, and in other countries. It is often known under 
the name roe-stone^ the masses being formed of small 
globular calcareous bodies, resembling the roe of fishes. 
This structure is, however, only partial, the great body of 
the Oohtic system being common limestone. 

What is the chalk, or cretaceous group.? What is the Wealden forma- 
tion 7 What is the oolite formation, and what peculiar animal remains 
does H contain ? 
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VII. THE LIAS FORMATION. 

129. A series of limestones, clajs, shells and marls, in 
wliich are contained marine shells, fishes, plants, and es- 
pecially the remains of two genera of reptiles, the Ichthy- 
osaurus and Plesiosaurus. It is divided into the upper and 
hwer Lias, each containing particular species of shells or 
fishes. The term, lias, is a contraction of layers^ because 
parts of this system are in thin strata. 

VIII. SALIPE&OnS, on NEW B,ED SANDSTONE ST8TE1C. 

130. A marine formation, consisting of marls, sand- 
stones, often of a red color, and occasionally variegated. 
It contains gjrpsum, rock-salt, with corals, mollusca, plants, 
fish and reptiles. 

It IS divided into upper new, and lower new. The first 
contains variegated red, blue and white marls, and varie- 
gated sandstones. Thickness, 900 feet. The lower new, 
contains red and white marls and dolomite ; also, magne- 
sian Umestone, sandstones and conglomerates, with the 
remains of shells, fishes and plants. It is named salifer- 
aus, because it contains saline materials, as salt and bripe. 
Thickness, 300 feet. 

IX. THE CARBONIFEROUS, OR COAL STSTEM. 

131. Consisting of shells, clays, ironstone and Hme- 
stones, interspersed with beds of coal, sometimes of great 
extent and thickness ; also, innumerable remains of marine 
and fresh-water fish, as well as plants and animals of 
tropical species. In this formation most of the fossil 
remains of plants have been found, which are figured in 
books, and on which systems of Fossil Botany have been 
founded. In this system also belong the coal measures or 
coal fields from which such vast quantities of fiiel arc 
extracted. 

X. THE DEVONIAN, OR OLD RED SANDSTONE SYSTEM. 

132. It is a marine formation, containing red and green 
marls, limestones, sandstones, shells, corals and fishes. 

What is the lias formation, and what does it embrace ? What is the sa 
liferous system? What does it contain? Why is it so called ? What is 
Uie carboniferous system ? What does it chiefly contain ? 

5* 
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Also, flagstones, shales, and concretionaiy limestones, 
called cam-stones. The color is a dull red, whence the 
name. It is also called Devonian^ because it is so largely 
developed in Devonshire, England. 

XI. THE SILURIAN 8T8TEM. 

133. A marine group, consisting of limestones, shales, 
sandstones, slates, flagstones, and aboimding in corals, 
shells, trilobites and remains of flsh. This is divided into 
the upper and lower Silurian, the first being in thickness 
about 4,000 feet ; the second, 3,500 feet. 

This system of formation is called Silurian, from an 
ancient tribe of Britons called Silurus, who inhabited the 
region where these strata are most distinctly developed. 
It is very extensive, including the border countries both of 
England and Wales. 

XII. THE CUMBRIAN, OR 8HI8T08E 8TSTEM. 

134. A marine formation, comprising vast beds of slate 
rocks, with dark-colored limestones and sandstones, con- 
taining a feV corals and shells. This system extends 
over a large portion of Cumberland and Westmoreland, 
reaching to the elevation of about 3,000 feet. Vast quan- 
tities of slate are taken from these rocks for the covering 
of roofs, and other economical purposes. 

IV. PRIMARY, OR HYPOGENE ROCKS. 

XIII. MICA SLATE. 

135. It consists chiefly of mica, and small particles of 
quartz, forming strata of various thickness. No fossils 
are found in this rock. 

XIV. GNEISS. 

Formed of the component parts of granite, mica, quartz 
and feldspar, fme grained and laminated, so els to have the 
appearance of disintegrated granite, again reformed by the 
agency of water. Both mica-slate and gneiss are supposed 
to have been altered by heat after they were deposited iji 
their present forms. 

What are the elements of the Devonian group ? What are chief 
minerals in the silurian system ? What is the shistose system ? What 
are the materials of gneiss f 
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V. PLUTONIC, OR CRYSTALLINE ROCKS. 

XV. THE GRANITE 8T8TCM. 

136. Granite is one of the most extensive geological 
fonnations. It is composed of quartz, mica and feldspar, 
always in the form of crystals, sometimes of large size. 
It is supposed to owe its present form to the agency of 
heat, of which the proof will be adduced hereafter. 
Granite, gneiss, and mica-slate form the vast elevated 
ranges of mountains in all primitive coimtries. Granite is 
never stratified. 

VI. VOLCANIC ROCKS. 

XVI. LAVA, BASALT, GREENSTONE, PUMICE. TOADSTONE. 

137. These are the products of volcanic action, under 
various circumstances, and perhaps by different degrees of 
heat, or the different materials on which the fire acted. 
Extensive ranges of mountains are composed of these 
materials, especially of trap or greenstone. These pro- 
ducts are of all ages, and are foimd in nearly every country. 
They will be considered in detail in their proper place. 

UTPOGENE ROCKS. 

138. Hjrpogene is a term coming from the Greek hypo^ 
imder, and ginomai, to be formed, and has reference to the 
production of granite, and other rocks, formerly called 
primitive, because these rocks are supposed to have been 
formed under the surface, and afterwards forced up to the 
situations they now occupy. This term by recent writers 
is substituted for primitive, because some members of the 
latter class are supposed to have been posterior to many 
secondary' or fossiliferous rocks. 

METAMORPHIC ROCKS. 

139. This is a stratified division of the Hypogene group, 
embracing gneis and mica-slate, which are so named be- 

What its form ? What is granite ? What its form ? What are the vol- 
canic rocks mentioned ? What is meant by hypogene ? Why is this term 
substituted for primary ? 
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cause they are supposed to have been altered by plutonic, 
or calorific action. The word is from metOj trans, and 
morphe, form. 



CHAPTER XIII. 

ILLUSTRATIONS OF FOSSIL BOTANY. 

140. Having thus given a general history of organic 
remains, together with lignographs of the internal struc- 
ture of such classes or orders of trees as are most com- 
monly found in the fossil state ; having also named and 
described the formations in which such fossils are found, 
we are now prepared to illustrate these classes or orders, 
by figures of plants, chiefly from the formations named. 
The design of this work will, however, only allow exam- 
ples to be given of the different orders, together with per- 
haps a few varieties from the great numbter of ferns which 
have been figured and named by geological writers. It is 
only necessary to add, that for the figures and descrip- 
tions which follow, we are chiefly indebted to the Medals 
of Creation, though the descriptions are generally much 
abridged. 

AGAMIA. 

141. The plants of this class have no seeds, or traces 
of fructification, their structure consisting of cells alone. 
The fuci, or sea-weeds, of which there are a great num- 
ber of varieties, belong here. 

The Algese is a family which includes the faci, many 
species of which are found in the mineral kingdom. In 
the Silurian limestone of the AUeganies, Dr. Harlan found 
entire layers of rock, mostly formed of a large species of 
fuci. An individual of this family, the Fucoides L amour- 
ouxii, is represented by Lign.lO. It is from Monte Bolca, 

and lies on the layer of shale, as taken from the quarry. 

• 

What are the agamia ? What common plants belong here ? What are 
the algesB ? 
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142. This IS a small fresh-water plant, consisting ap- 
parently of bundles of green fibres. It is among the low- 
est orders of vegetation. This, wilh the mosses, are occa- 
sionally found in the fossil state, especially in the tertia'y 
strata. One of these is represented by Lign. 1 1, Fig. 1. It 
consists of a beautiful specimen of green moss, apparently 
of the genus Hypnum, with a conferva twisted around its 
base, and running towards the apex. This is in a transpa- 
rent piece of quartz, and forms a remarkably beautiful 
specimen. It is here magnified three times. (Quartz 
pebbles, including mosses, are known under the name of 
moeha stones, and are highly valued by coUectoiB. 
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HypnvUQ in quarti. 



1 43. A description of this class has already been given 
(83,) and we shall proceed to illustrate some of the orden 
there mentioned. 



The equisetums, better known under the name of horw 
tails, are upright, slender and elegant plants, of half ao 
inch in diameter,and about two feet high, growing in moist 
places. The stems are jointed, each joint having a whori 
of linear leaves, and a dentated membranous sheath, em- 
bracing I he stem. 

A gigantic species of this tribe is common in the oolite 
of Yorkshire, the Equisetvm cohimnare, represented by 
Lign. 1 1, Fig. 2. It is an extinct species, being; several 
inches in diameter, and having regular and beautiful col- 
umnar marking on the stem. 

144. Another Equisetum, of smaller size, being about 
that of those now growing, is represented by ii]^. \%Fig. 
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1. Itiathe£. ZyeWi, from the Wealden formation, (127.) 
This stem, with ita two dentated sheaths, closely resem- 
bles the recent species, hyemale, so common in our moist 
grounds. It has a bud near the lower joint. 




145. Description. — Stem articulated, regularly striated, 
the articulations naked, or studded with tubercles, and 
sometimes encircled by a stellated sheath, somewhat re- 
sembling the dentated, of the equisetums. The plants 
of this fossil genus, (none being recent,) are closely re- 
lated to the horse-tails, but differ from them in having the 
stem uniformly striated and mostly in the absence of en- 
circling sheaths, though a few have them. Some of this 
species have attained an enormous size, being from one 
to three feet in diameter, and from thirty to forty feet high. 
They abound in many of the coal formations, and consti- 
tuted an important feature in the carboniferous epoCh. 
They occur also in strata far more ancient, and some spe- 
cies appear to belong to the earliest terrestrial Flora of 
which any traces remain. In most instances, when speci- 

How do Ih« Mlanita diffisr tm 
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mens are found lying in the same plane with the strata, 
they are pressed flat ; but when occurring in a vertical posi- 
tion, as has been sometimes the case, they retain their cvl- 
indrical form. An outer crust, or pelhcle of coal, generaUjr 
BUnounda the stem, hut no remains of internal structum 
have been observed. 

146. The stem figiired, Ligit 12, Fig. 2, has a slellats 
shealh at the upper joint, and shows the difierence be- 
tween this appendage and the deatated sheath of the 
Equiseta, as shown in the figure, b is ths Calamitt* 
radiata, represented orie half the natural sf 




CaUmitea nodoaiu. 



ji a few instances, the fohage of the Catamites hat, 
been preserved, a specimen of which is shown by Lign. 
13. This is a remarkable example of the ancient Fossil 
Rora: and as a representation of the plants which once 
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covered the earth, may serve to elevate our ideas of *ho 
glory and beauty of our planet, before the surface was 
rendered chaotic by the tremendous forces which acted 
upon it. It is the CcUamites nodosus^ from coal shale. 

FI LICES OR FERNS. 

147. H[aving already given some account of the geo- 
graphy of the ferns, (84,) as well as their structure, (85,) 
we will only add, before entering on the description of in- 
dividual species, that the tree ferns, may be recognized in 
the fossil state, by their cyhndrical forms, without limbs, 
and the regular disposition and peculiar character of the 
scars (85,) left by the separation of the petioles. The 
leaves may be identified by the form of their segments, or 
lobes, which are disposed with remarkable regularity, and 
have a peculiar mode of subdivision ; and especially by 
the delicacy, evenness, and pecuhar distribution of the 
veins. 

148. There are upwards of two thousand known species 
of living ferns at the present time, many of which have 
been discovered and named within a few years, and it is 
probable there may be as many more still unknown. Of 
fossil ferns, about one himdred and fifty species, all ex- 
tinct, have been collected from the carboniferous stmta. 
The arborescent ferns of the present day are almost ex- 
clusively confined to the equatorial regions, humidity and 
heat being the conditions most favorable to their develop- 
ment. 

149. Digression. — There are necessarily a few botan^ 
ical terms employed in the descriptions of the ferns, which 
those not conversant with that science will not be likely 
to understand, and which, indeed, as they relate to the 
forms of the plants, cannot be comprehended without the 
use of cuts. For the benefit and use of such, the follow- 
ing are introduced. 

LEAVES. 

150. With respect to forms, leaves are either simple or 
single, as that of the lily ; or compoimd, as those of the 
rose. Compoimd leaves are divided into pinnate^ hipinnate^ 
&c., or temate and biternate, &c. The following cuts 
will show these distinctions. 

6 
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No. 1. A. pinnate, Of winged leaf. The petiole,or fooi- 
■tatk, has several leaflets on each side, growing in o^n>- 

No, 2. A bipinnate leaf. In this ihe petiole is divided 
into several parts, each of which bears leaflets tike the 
simple pinnate leaf. 




No. 3. A iripinnaie leaf The petiole is here divided 
into three parts, each of which are bipinnate. 

No. 4. A teTnale leaf. That is, the same fbot-atalk 
bears three leaves. 





No. 5. A biternaic leaf That is, the foot-atalk is di- 
vided into three parts, each of which bears a lemate leaf 
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No. 6. A tritemate leaf. That is, three times three- 
Having made thia digression, we now proceed ; first, 
however, infonning the reader, that the fern leaves are 
called /ronrfj, and that the names of the genera are derived 
from pteris, fern, to which is prefixed some term indicative 
of ils peculiar character, as neuropteris, nerved fern, &c. 

151. QeuuaPACHYFT^ais, thick fern, Lign. 14. Frond 
pinnated, the leaflets entire, having a midrib, but without 
veins ; contracted at the base, and lanceolate. The ab- 
sence of veins, and the leaflets not being lobed, are the ea- 
seotial characters of thia genua. The leaves are thick, 
an uncommon trait in this tribe. The species figured ia 
the Packypteris laneeolata, and is found in the inferior 
Oolite, (128.) 




152. Genus Cyclopteris, rounrf _/em,Ltj'n. 15. Frond 
simple and entire, and generally orbicular, or kidnej-sha 
ped ; veins numerous, equal and dichotomous, or forked, 
and radiating from the base. The essential distinction 
is the absence of a midrib or medial vein. Species, trieho- 
manoides.^ Found in Oolite, ( 128.) 

153, Genus Odontoptekis, toothed fern, Lxgn. 16. 
Frond bipinnate, the leaflets adhering to the foot-stalks 
by the base, which ia not contracted; veins equal, simple, 
dichotomovia, arising from the rachis, or division of the foot- 
stalk; midrib none. In their general aspect, this genus 
reaembleH some South American osmimda. Five speciea 
are known, all of which belong to the most ancient coa 
strata. Species, Sehloiheimii. From coal-shale. Saxony 



Whrt 
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154. Genus Anomopteris, anomalous fern, Lign. 17.— 
Frond deeply pinnated, leaflels very long, entire, linear; 

Biidrib distinct, and aa long as the leaflet ; veins simple, 
peipendicular to the median vein, and extending to the 
margin of the leaflet. 

LIGN. IS. 




Lieaves of large size, and prob:ibly bplonged to an arbo- 
rescent fern. Species, mougeotii. From new red sandstone, 
(1S2.> A portion is magnified to show ihe fructification. 



XLLvanuTioNs of fossu. botant. 



155. Genus Pecoptebjs, emhroidered fern, Lign. 18. 
Frond once, twice, or thrice pinnated; leaflets adhering 
by the base to the rachis ; traversed by a strong midii^ 
which reaches the apex; veins once or twice dichoto- 
mous ; and nearly perpendicular to the median vein. The 
Bpecies here figured is once pinnated. It is the species 
lonchitica, and 13 from the coal-shale, France. 

This genus embraces by far the greatest proportion of 
the ferns, which have contributed to the fonnation of coal 
in all countries. The originals of many species were un- 
doubtedly arborescent, and attained a very lai^e size. 
Sorne fronds have been found, which were four feet wide, 
and of proportionate length. More than one hundred spe- 
cies have been determined. The species have been found 
in America and England, as well as in Fiance, 

156. Genus Lohchopterjs, spear-leafed fe^, Lign. 19. 
Leaves many times pinnated ; leaflets more or less adhe- 
rent to each other at the base, and traversed by a midrib; 
Becondaiy veins reticulated. Only a small portion of the 
frond is here figured. Species, Mantellii. Found in the 
Wealden, (137.1 This species seems to be a very deli- 
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cftte plant; for although indications of ii^ presence am 
very general throughout the fine micaceous grits, aiid 
even the clays of Wealden a perfect leaf is of rare occur- 
rence. The upper figures are ongnified leaflets to show 
the reticulations. 




157. Genus Clathropteris, latticed fern, Lign. 20. 
Frond deeply pinnatifiecl, or cut into wings; leaflets elon- 
gated ; midrib extending to the apex ; veins simple, parallel, 
nearly perpendiculat to the midrib, united by transverse 
bars, producing a quadrangular reticulation. Species, 

niscoides. From the Wealden the original frond bemg 

a and a half feet long. 
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This genuB waa instituted by M. Brongniart, lo include 
some fronds from ihe ehftle of Hoer, in Scamia, which re- 
B«mb!e in Btructure, the foliage of the recent Folypodiwn 
quereifolium a native of the EaBt Indies. 

LION SO 




158. The fronds of a great variety of fema, as already 
itated, are every where to be found in coal tielde ; but 
an undoubted etem of any of this family is vei; rare. A 
few foBBil Btems, however, having all the characters of 
recent species, have been found, and are arranged under 
the following genus : 

159. Qeaaa C\vi.oFrE&i&, fern stem, LigniX. Stem not 
channeled, marked with discoidal oblong or ovate scars, 
arranged longitudinally ; vascular cicatrices numerous. 
Spiecies, macrodixcus. From the coal fields. 

The specimen figured is from the coal, and resembleB 
the tninka of the living fern trees in its proportions, and 
in the number, disposition, and size of the scars of the 
leaf-stalks ; but these markings differ from the recent, in 
the more lanceolate form and pointed terminations, and 
in their peculiarly striated surface. 



160. Name from Sigillum, a seal, which alludes to the 
regular, and often beautiful, imprints on the stem. 



id or ths varietf oC ToMil fern st 
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Among the r 
Mr. Mantell that arrest the atlention of a peiaon ■» 
Tiaits a coal mine for the first time and examines the 
numerous vegptablp relics that are profusely dispersed 
among the heaps of slate coal and shale, are long flat 
slabs, with their surfaces longitudmally fluted, and iiiii- 
formly ornamented with rows of deeply imprinted sym- 
metrical figures these are disposed with, such perfect 
regularity that the specimens are often supposed to be 
engraved stones, instead of natural productions. These 
fossils are the remains of the epidermis, rind or bark of the 
stems of gigantic trees ; the regular imprints on the sur- 
face being the scars left by the separation of the leaf- 
stalks, as in the arborescent ferns just examined. The 
aigillaria are generally found lying in the horizontal posi- 
tion, and flattened by the superincumbent pressure; but a 
remarkable instance in which fern stems were found 
standing upright, with their roots in the soil, apparently 
in the position in which they grew, was brought to light 
near Manchester, England, during the excavations for a 

WbUdoea the name Sitillwis maaaT What a the sppemiuice of > 



ILLU8TKATIONS OF FOSSIL BOTANT. 69 

railway. Their roots are branched, and spread out in the 
bed of impure coal in which they are implanted. The 
largest tree is eleven feet high and seven and a half feet in 
circumference at the base ; the others are smaller. All 
seem to have been broken off by violence, though no traces 
of their upper trunks or branches have been detected. So 
interesting has been this discovery, that the trees have 
been carefully preserved in their places, and plaster casts 
taken of them on a small scale, for sale to the curious. 

161. Size of the Sigillaria. — The stems of the Sigilla- 
ria vary in size, from a few inches to five feet in diameter, 
and in length, from five to sixty feet ; they gradually 
taper from the base to the summit. It appears that this 
tree, like the oak and chestnut, grew in every part of the 
world; for besides being found in many parts of Europe, 
and in New Zealand, the most remarkable locality yet 
known is on this side the Atlantic. On the southern 
shore of the Bay of Fimdy, in Nova Scotia, where the 
cliffs are about two hundred feet high, and composed of 
carboniferous strata, there are numerous trees, probably 
Sigillaria, standing in ten rows, one above the other, indi- 
cating, observes Mr. Lyell, repeated subsidences of the 
land, so as to allow the growth of ten successive forests. 

162. Class of the Sigillaria. — It has been difiicult to 
decide, with respect to the structure of this tree, on ac- 
count of the destruction of its interior ; in most instances, 
the bark only showing signs of vegetation, all other parts 
being solid limestone. In a few instances, however, spe- 
cimens have shown medullary rays, and a coniferous 
structure, which makes it an exogenous or dicotyledo- 
nous tree. Of the Sigillaria, about forty species are 
known. 

163. Sigillaria Saulh, Lign 22. From coal near Man- 
chester, England. The full description already given of 
this genus, makes it unnecessary to be more particular with 
respect to this species. The carbonized bark, in large 
specimens, is often an inch thick, and being extremely 
brittle, flakes off at. the least touch, leaving the inner sur- 
face exposed, the coal remaining only in the deep furrows 
and pits. The difference thus made is shown by the 



What is said of those uncovered near Manchester ? What is said of 
the sixe of the Sigillaria ? To what class does this tree belong ? 
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fi^un. where the scus of the leaves, ib hence the tree n- 
ceived its name, are left with the bark, while the daik 
poitioQ is the inner Burface, exposed bj the remorat of tlu 
outei cnut or bark 




164. Lign. 23. Kquaily common with the Si^iaria, in 
eveiy coal mine, is the spoiled stem, or Sti^aria. These 

are cylindrical bodies, rarying from a few inches to 
several feet in length, and four or five inches in diameter. 
Their surfaces are covered with numerous pits, or areola, 
which are disposed in quincunx order. These markinga 
are oval, or circular, and have a small elevation, or tuber- 
cle, in the middle of each depression. When broken 
across, a small cyhndrical body, or core, is found to extend 
longitudinally through the stem, hke a medullary column. 
This core seldom occupies the centre, or axis, being sit- 
uated near one side, and opposite to a groo%-e, or channel, 
on the outer surface. This internal body is often loose, 
and may readily be removed : its surface is covered with 
interrupted, irregular longitudinal ridges, which leave c(w^ 
responding ilepreasions on the walls of the cavity in which 
it was contained. 

The figure represents a fragment with the characteri 
above described. It is the Stigmaria ficoides. From the 




coal of Derbyshiie. Il is^ a portion of a stem, with some 
of the processes formerlj considered leaves, extending into 
the Burrounding clay. The internal body is seen at a, also 
the corresponding groove on the portion of external aur- 
face that rernains. 

163. No organic relic found in the coal mines has ex- 
cited more curiosity and scientific attention titan this. 
Of course it was considered the stem of a tree, perhaps 
allied to the sigillaria, and several learned memoirs, with 
illustrations, were produced ; some showing that il was an 
exogenK, while others contended thai it was an aquatic 
plant. Meantime, M. Brongniart, after a careful exami- 
nation of the best specimens that could be found, came lo 
the conclusion that it was not an aquatic, but the roots of 
the sigillaria, and it appears more recently that some un- 
commonly good" specimens, found near Liverpool, have 
coniiimed this decision. 



166. Sealy-tree. — Stems cylindrical, covered towards 
their extremities with simple linear or lanceolate leaves, 
which are attached to elevated rhomboidal spots or pa- 
pillx j papilla marked on the upper part with large trans- 
verse, triangular scars ; lower part of the stem destitute of 
leaves. Ligu. 24 represents a blanch of this tree, from 
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the coal-shale, Newcastle. The small figure is one of th« 
scars left by the sepaiation of a leaf of the natural sum. 
It will be observed that the entire branch is covered with 
Buch scars. 




The scaly-tree is very abundant in most English coal 
mines, where some have been found nearly entire, from 
their roots to their upper branches. They were of vast 
size, one specimen being fony feet long and thirteen feet 
in circumference at the base, divided towards the sumnait 
into fifteen or twenty branches. The foliage of these 
trees consisted of simple linear leaves, spirally arranged 
around the stem, and appear to have been shed from th« 
attachment by age. 
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167. In their structure, external configuration, mode of 
rainification, and disposition of the leaves, these trees ac- 
cord so closely with the Lycopodiums^ that notwithstand- 
ing the disparity in size, M. Brongniart asserts that they 
must be considered as gigantic arborescent club-mosses. 
The lycopodiums of the present day, most of them, trail 
on the ground, and are well known as "Christmas greens," 
to make wreaths for the decoration of churches, &c. 
They are from a few inches to a foot or two high. 

FOSSIL S£EDS. 

168. In many instances the seeds of extinct plants 
have been found, of course in a petrified state, but it is dif- 
ficult to determine to what vegetables they belong, being 
always detached, and usually foimd by themselves. 
Nothing remains by which their structure can be deter- 
mined, their forms only being preserved. 

CA&DIOCA&PON. 

169. Heart-shaped seeds. — Lign. 25. The seed-vessels 
here represented are found in sandstone and coal-shale, in 
the midst of fossil plants, but grouped together in various 
numbers, from five to twenty. They evidently grew 



LIGN. 25. 




Fossil seeds. 



together, forming what are called twin seeds. 1 a is mag- 
nified from the group 1, in order to show the surface b^ 
which it was attached to its other half. Nothing is 
known of the trees to which these seeds belonged. 



What is said of fossil seeds 7 

7 



T4 roeSEL COMIFERiB. 



F0881L COVlTEtLM. 



•70. We have already described this family (77) aiod 
illustrated its structure {Ling. 4 and 5) ; but as lemaiiui 
of cone-bearing trees are found in geological strata v^ 
nearly every part of the world, and often in such quanti- 
ties and of such sizes as to excite peculiar attention, the 
subject seems to claim some additional notice. 

Most of the wood of this genus found in the Bdtifl)i 
mines appears to have been of the species araucaria, (80,) 
of which the celebrated Norfolk pine, one of the largest 
trees now growing, is a member. But one of the most ex- 
traordinary and interesting assemblages of these trees ip 
that in the Isle of Portland, England, where an entire 
forest of pines appears to have been transformed into stone 
on the very spot on which it grew ; the Cycadeae still 
shooting up, as it were, between the trunks and roots of 
the trees, though changed into flint, extending into the 
bed of mold from which they originally derived their 
support. 

In the sands of the desert of Sahara in Egypt ; among 
the bones of the mammalia near the Himalaya moimtains, 
and in the tertiary deposits of Virginia, drifted coniferous 
wood, associated with Cycadeae, have been discovered. 
Trees of this family, of a highly interesting character, aie 
also found in various parts of Australia and Van Dieman's 
Land. In the latter country these trees of stone are de- 
scribed as standing erect to the height of several feet, in 
a bed of arid sand, apparently in the places where they 
grew ; their petrified stems and branches being scattered 
around them. So entirely do these trees of stone preserve 
their natural woody appearance, that one of the emigrants 
relates, among the extraordinary sights he witnessed in 
New Holland, the burning of trees to manure the groimd. 

A still more extraordinary forest of petrified stumps 
is described by Rev. Mr. Clark, as existing in AustraUa. 
Stumps of fossilized trees are seen projecting out of the 
ground, presenting the appearance of a forest in which the 
trees are all cut down to the same level. At the distance 
of some yards from the shore, a reef is formed by vertical 
rows of the petrified stems, which project above the surface 

What is said of the distribution of fossil pines ? What is said ot Um 
petrified forest of Australia? How is this accounted for ? 
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of the water. Those on the land stand generally about 
three or four feet above the surface, and are from two to 
aix feet in diameter. The wood is silicified, and veins of 
chalcedony traverse the substance of the trunks between 
the concentric rings and medullary rays. In several exam- 
ples, from sixty to one hundred and twenty annual rings 
were observable. As to any hypothesis of the means by 
which this forest was petrified, no remarks are offered ; but 
it is certain, that these trees must have been in a different 
situation, when this was effected ; for the atmosphere, or 
the waters of the ocean, never produce such changes. 
They must therefore have, at some period, been under the 
earth, perhaps by the subsidence of the ground on which 
they stood, and after being petrified, raised by volcanic 
force to their present situation. 

FOSSIL PALMS. 

171. This family at the present day are exclusively 
natives of intertropical climates, and are remarkable for 
their elegant forms and striking aspects. The Date, 
Cocoa-nut, Tahpot, Fan-palm and many others, are mem- 
bers of this large and magnificent genus. They have a 
single cylindrical stem, sometimes growing to the height 
of a large ship's mast, with a top spreading out like a 
canopy, and sometimes consisting of leaves twenty feet 
long, and nearly as many wide. The trunks and even 
leaves of this family are found in the fossil state in various 
parts of the world. Dr. Buckland states, that stems of 
palms, beautifully silicified, occur in the tertiary deposits 
if Himgary. I'hey are also found in France, Italy and 
the West Indies. In England they occur in the oolite 
formations and in coal fields. Nor is the United States 
without her share of these tropical relics, a group of fossil 
palm-trees having been discovered and described by Dr. 
Owen, of New Harmony, in the state of Indiana. It occurs 
in one of the upper members of the Illinois coal-fields, 
where from twenty to thirty trees were found, with their 
main roots attached and ramifying in the clay, and their 
stems in the coal and sandstone above, as if submerged 
on the spot where they originally grew. A carbonaceous 

What is said of the recent palms ? What is said of the disthbution of 
fossil palms 1 What locality is meutioned in this coimtry ? 
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crust envelopes the trunks, which are covered with 
lozenge-shaped scars, having a transverse direction, and 
presenting a diversitj^ of figures in the attachment of the 
petioles, which indicates at least three species of this 
genus. Sillimaris Journal, 1843. 

Change of Climate. — ^**It is not surprising,'* says Dr. 
Buckland, " to find the remains of palms in warm latitudes, 
where this family are now indigenous, as in Antigua and 
India ; but their occurrence in the tertiary formations of 
Europe, (and we may say of North America also,) asso- 
ciated with the remains of crocodiles and tortoises, and 
with marine shells, nearly allied to forms which are at 
present found only in seas of a warm temperature, seems 
to indicate that the climate of Europe, during the tertiaij 
period, was warmer than it is at present." 

FOSSIL LEAVES. , 

172. Palm-leaves occur in France, Switzerland and 
Tyrol, but differ materially from any living species. These 
leaves are said to be too well preserved to have endured 
transportation by water from a distant region, and must 
therefore be referred to extinct species, which in the ter- 
tiary period were indigenous in Europe. 

Foliage of Dicotyledonous plants. — These are of fre- 
quent occurrence in the tertiary marls and limestones of 
England, and are sometimes abundant, and in good pre- 
servation. But more perfect examples occur in the tertiary 
strata near Pavia in Italy. These leaves belong to several 
genera of ligneous dicotyledons, and most of them to 
species which still grow in the vicinity. In some cases 
the substance of the leaf is changed into carbon, the 
structure being well preserved ; but, in general, sharp and 
well-defined imprints only are left on the stone, being 
exact copies of the outlines and larger veins of the pngi- 
nals. They are found in a gjpseous marl, of a cream 
color ; and from their perfect state, it is inferred that they 
were enveloped in the soft matrix, where they are found, 
soon after their fall, and were preserved by the rapid hard- 
ening of the strata. Lign. 26. It will be obvious from 
the figures that all these leaves are of species now grow- 
ing. No. 1, Poplar, Populus gr<Bca. 2, Maple, Acer, 3, 

What indications with respect to climate are inferred from this fact t 




Water-Spike, Potamogeton. 4, Willow, Stdix. 5, Chest- 
nut, jEiculns. From what has been remarked heretofore, 
it ia an exceedingly rare occurrence to detect fossil re- 
mains, either of animals or plants, of the species now living, 
though genera of the ancient and present Flora are not 



173. The design of this book will not allow of a more 
extended account of fossil plants ; but before leaving the 
subject^ we shall make a few remarks on the foregoing 
synopsis, and especially with respect to the geological 
periods of the ancient or Fossil Flora. 

WhU number altpeciet of fossil pUmU uiiVwwinl 
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It appears from the catalogue of fossil vegetables, pub- 
lished hy Mr. Morris in 1843, that in the British strata aloiie 
there had been discovered above six hundred species. 
Among these, only two of the grasses had been detected, 
these being of the genus Foa^ a ver^ common grass in 
most parts of the world. Possibly it may be owing to 
their diminutive size that so few of this tribe have oc- 
curred, though many ferns, httle larger, are found in every 
coal mine. 

From the data hitherto obtained the most eminent 
botanists, Sternberg, Brongniart and Lindly, consider that 
the Floras of the ancient world would constitute three dis- 
tinct periods or epochs. 

First Epoch. — The first comprehends the earliest strata 
in which traces of vegetables appear, and includes the 
Carboniferous, (131.) The plants of this epoch, as we 
have already shown, consist of fuci, or sea-weeds, and 
other cellular tribes ; ferns of various kinds and in great 
abundance ; coniferous trees, related to species in warm 
climates ; of palms and other monocotyledons ; gigantic 
lycopodia, or club-mosses ; and large trees of unknown 
tribes, as Sigillaria and Stigmaria, in profusion. In this 
Flora the tree ferns predominate, constituting nearly two- 
thirds of the whole known species, and the general type of 
the vegetation is analogous to that of tropical climates. 

Second Epoch. — This extends from the Saliferous or 
New Red, (130,) to the Chalk inclusive, and is char- 
acterized by the appearance of many species of the Cyca- 
deae, Zamiae, and Coniferae, while the proportions of thf 
ferns are much less than in the preceding period, and the 
Lycopodiums, and Calamites of the Carboniferous strata, 
are absent. A Flora of these remains would be analogous 
to that of the coasts of New-Holland and the Cape of 
Gfood Hope. 

Third Epoch. — The third epoch is that of the Ter- 
tiary, (125,) in which the Dicotyledonous tribes appear 
in great numbers : the Cycadeae are very rare ; the ferns 
are comparatively few ; and the Coniferae more numerous. 
Palms and intertropical plants are found associated with 
the existing European forest trees, as the elm, willow, 



What are the three epochs of fossil Botany ? What plants form the Flom 
t£ the first epoch 7 Wiiat of the second ? What of the third ? 
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and chestnut, presenting in short the general features of 
a Flora of the present day. 

174. Absence of the grasses. — But we must not omit to 
notice a remarkable feature in the Floras of the secondary 
strata, namely the almost entire absence of the grasses, or 
gramine(B, which form so large a proportion of existing 
plants. It has been suggested, that the greater or lesser 
durability of the foliage of certain vegetables may have 
occasioned their presence or absence in the carboniferous 
deposits, and experiments have been instituted with the 
view of determining this question, as already stated, (100.) 
But though it was found that, when the foUage of various 
families of plants was subjected to long maceration, the 
leaves of the dicotyledons and grasses disappeared, while 
the ferns and cycadeae remained ; yet this experiment does 
not meet the exigences of the case. We have no evidence 
to show that the fossil leaves were ever placed in similar 
conditions ; on the contrary, there is reason to conclude 
that they were imbedded imder curcumslances that ar- 
rested the usual progress of decomposition, prevented the 
escape of the hydrogen and other gaseous elements, and 
gave rise to the bituminous fermentation by which they 
lurere converted into lignite and coaL To these objections 
to Dr. lindly's experiment, made by Mr. Mantell, we will 
add from Count Sternberg, that there is no probabihty that 
fossil plants were submerged in pinre water, as in the ex- 
periment ; but, on the contrary, it is pretty certain that 
whether covered suddenly with earth, or not, they were at 
least thrown into water charged with mud, and perhaps 
also with lime, and that either might have been the means 

of their preservation. 

■■ ■ I I 111. ■ ' I 

What formations mark the periods of these vegetable epochs * 



PART II. 



PALEONTOLOGY; 

OR, 

THE SCIENCE OF FOSSIL ANIMAL REMAINS. 

175. Retrospect. — Having in our Preliminary Remarks, 
and in Part L, given a general history of the fossil ani- 
mal kingdom, embracing a table showing the strata 
chiefly composed of animal remains (13); having also 
shown that similar remains exist in similar strata, (30,) 
that the lowest orders are found in the deepest formations, 
(33,) that most of these animals are of extinct species, 
(31,)that shells are the most common remains, (35,) that 
fossils are chiefly accumulated by the action of water (42) ; 
also, the conditions in which animal fossils are found, (44,) 
hints for collecting fossil bones (47) and mending broken 
bones ; having thus prepared the way, we shall now 
proceed to describe and illustrate families and individual 
species of extinct animals, to the extent of our limits, 
selecting such as we believe will be most interesting ar.d 
instructive to our readers. 

Our guide in what follows will be chiefly that beautiful 
and interesting work, the Medals of Creation, from which 
our lignographs, illustrating fossil plants, shells and rep- 
tiles, are mostly selected. 



CHAPTER XIV. 

AURANGEHENT OF ANIMAL REMAINS. 

176. The recent, or living species of the animal king- 
dom, exceed one hundred thousand. This includes all the 
living existences embraced in the natural science of 
Zoology, as the Insects, Fishes, Shells, Birds, Worms and 
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Beasts of the field. The animals known in the fossil 
state are estimated at less than ten thousand. I'hcse 
embrace all the different classes or families named above , 
and so universal has been the destruction or burial of the 
classes and orders, dining the turmoil which the ancient 
earth has suffered, that most of the classes and families, 
and manj of the genera now known, are represented by 
their fossil analogues, disinterred from the crust of the 
earth ; and by the perseverance and ingenuity of man, 
described, classed and named, so as to be known and rec- 
ognized by those conversant with the subject. 

177. We know not, however, but some whole families, 
of which we know nothing, have been entirely destroyed 
by the catastrophe of the former world ; nor can we say, 
at present, but representatives of all the hving species now 
existing will ultimately be discovered in the fossil state ; 
for as yet we know comparatively very httle of what the 
earth contains. It is certain, however, that some fami- 
lies of colossal animals, both of the land and sea, have 
become entirely extinct, and of which no examples of even 
their orders are now living ; such as the Plesiosaurus, 
(he Megatherium and others. 

178. Order of Arrangement. — ^Our illustrations and de- 
scriptions will commence with the minutest organic exist- 
ences, and proceed in an ascending scale to the more per- 
fect animals, in accordance with the following zoological 
order. 

ARRANGEMENT OF FORSIL ANIMALS. 

L Infusoria, Animalcules, little animals. 

This section embraces, not only the remains of Animal- 
cules, but also the relics of other minate beings asso- 
ciated with them, and which cannot be investigated 
without the aid of the microscope. These are called 
Infusoria, because the infusion oi almost any vegetable, 
as ahandfal of leaves in a cup of water in warm weather, 
brings them into action. Stagnant water, into which 
leaves have fallen, always contains them. 

n. Zoophytes, Animal plants^ including — 

1. Amorphozoa, irregular forms, as the Sponges. 

2. PoLYPARiA, Many fooled, as the Coral animals. 



What Ls the number of recent animal species ? What is the number of 
fossil species? Is it certain we shall not discover examples of all the iv 
cent species ? Why ? 
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HL EcHiNODERifA, Spiny-skitined^ including^— • 

1. Crinuidea, Lily-shaped animals. 
3. AsTERiA, Star-fishes. 
3. EcHiNiDA, Sea-urchins. 

IV Mollusc A, Soft animals , including — 

1. Bivalves, as the Oyster and Clam. 

2. Univalves, as the Periwinkle and Snail. 

3. Chambered Shells, as the Nautilus, including ths 
tacea, and those destitute of shells, as the Sepia or 
Cuttlefish. 

V Articulata, Jointed animals, including — 

1. Cirripedia, Curly-fooiedj as the Barnacle. 

2. Annulata, composed ofrings^ as the earth-worm. 

3. Insecta, InsectSj as Wasps and Hornets. 

4 Crustacea, Crusty-skinnedj as Lobsters and Crabs. 

VL Pisces, Fishes. 

VH Reptilia, Reptiles. 

Vm AvEs, Birds. 

LS. Mabimalla., Milk-givers. 

The above is Mr. Mantell's arrangement, adapted to 
Fossil Zoology, and is founded on Prof. Owen's more ex- 
tensive Classification of the Animal Kingdom. 



CHAPTER XV. 

INFUSORIA, AND OTHER HICR08C0FIC ANIMALCULES. 

179. The philosophers of the present day, and especially 
M. Ehrenberg, have forced us to believe the marvelous fact, 
that whole mountains are chiefly formed by the mineral- 
ized remains of a class of beings, so minute that they cannot 
be distinguished without the aid of the microscope. In our 
own country, Professor Bailey, of West Point, by the same 
means, has not only confirmed the minute observations of 
Professor Ehrenberg, but has found that other minerals, 
not suspected by the former philosopher, are also composed 

What are Infusoria ? Zoophytes ? What Echinoderma ? What Mol- 
lusca? What bivalves, univalves, &c.? What Articulata ? Whatcioa- 
tacea, 6lc. ? What is said of the remains of Infusoria f 
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of remains of these more than tiny insects. This is not 
the least of the wonders which the sciences of the present 
day have brought to light ; and it is now not only well 
understood that formations of limestone and chalk are the 
works of infusoria^ but also that they are contained in the 
hardest stones, as flint, chalcedony, opal and emeiy. 

180. This interesting field of research will no doubt 
leadt^di^covc^s and results little imagined by even the 
more sanguine of the present day. At present, says Dr. 
Mantell, this branch of palaeontology is in its infancy, and 
it offers to the young student an inexhaustible and most 
inviting department of scientific investigation. It pos- 
sesses, too, this great advantage over many other subjects, 
that it is within the reach of every one ; for it can be pur- 
sned at home and the materials for its investigation are 
ever at hand. 



LIVING INFUSO&IA. 



181. That the reader may have an idea of the forms of 
the hving animals whose mineralized remains we are 
about to investigate, accumte figures of several recent 
species, allied to those often found fossil, are given. Theii 
forms so entirely depend on their durable cases, or frame- 
work, that the latter may easily be recognized, even when 
the soft parts have entirely disappeared. These shells or 
cases, in some families, are calcareous, and in others con- 
sist of pure, colorless, transparent silex, or flint. But 
many have a naked and flexible skin, and these of co\nrse 
are not preserved as fossils ; those having an armor or 
shield, constructed of silex, lime, or iron, alone leaving en- 
during remains of their existence. 

XANTUIDIUM. 

182. The carapace, or case, of this genus of animal- 
cules, consists of a hollow silicious globe, in which the 
body is contained ; this is beset with tubular spines, that 
|irobably contained tentacula, or arms, but these have not 
been observed. like most of the infusoria, the Xanihidia 
mcrease by self-division ; hence the double appearance 
in the figures, all of which represent individuals in the 

-■--•■■ 

* Is it the animals tbemseWes, or the cases they made, which have been 
detected? What aretiie shells made off 




progress of separation. They are not lively, progressiva 
animals, but are commonly stationaiy, perhaps at work 
building their cases, of which to form moimtaina. The 
name Xanthidium comes from the Greek xanthic, yellowish, 
the color of the animal. A tine being the rs of an inch, 
the student may gain Bome idea of the dimensions of the 
above species. 

No. 1. Xanthidium furcatiim, Vr of a line in diameter. 
2. X. kirsutum, 31 of do. 3. X acukalum, 31 do. 4. X. 
fascicalatum, jV do, 5. A variety of the fasciculatum. 

The above, being of a globular fonn, it may be well to 
remark, that this is rarely the form of other species, these 
little beings assuming all sorts of shapes, linear, triangular, 
elliptical, tree-hke,bottle-shaped,cro3sed-joinied,&c., while 
some are so entirely amorphous, as to be of no shape that 
words can express. 

183. Dt. Bailey's account,— Professor Bailey, of West 
Point, says, that the fresh-water infusoria. Meridian ver- 
naU, is seen ir immenae quantities in the mountain brooks 
around West Point, the bottoms of which are covered in 
the first warm days of spring with a ferruginous -colored 
mucous matter, about a quarter of an inch thick, which, 
on examination by the microscope, proves to be filled with 
millions and millions of these exquisitely beautiful sili- 
cious bodies. Every submerged stone, twig, and spear ol 
grass, is enveloped by them ; and the waving, plume-hke 
appeamnce of a filamentous body, covered in this manner, ' 
is often extremely elegant. Alcohol completely dissolvea 

What ides cui you give of the um of infiuoria 7 What tn* Dr. BailcT 

on Uiis Bubjeci 7 
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the endochroma (soft coloring matter) of this species, and 
the frustrules (shields or cases) are left as colorless as 
glass, and resist the action of fire. 

184. The field for infusorial investigation appears to 
be endless ; almost every section of country, and some- 
times every Imnp of earth or stone, affording new species 
or varieties. Prof. Bailey, from a specimen of earthy 
matter, of a' whitish color, from Oregon, has discovered 
half a dozen new species. From a specimen of Tripoli 
from Bermuda, (a hard stone used for polishing metals,) 
sent M. Ehrenberg, by Prof Bailey, that minute philoso- 
pher returns for answer that he had discovered, in the 
specimen sent, one himdred and thirty-eight species, includ- 
ing nine new genera, and fifty-eight new species. Sil- 
Uman^s Journcd, 1843. From such accounts, the student 
in this new science may derive the satisfactory inference, 
that if he pursues the subject, he can scarcely fail to de- 
tect a suflicient number of new genera, or species, to im- 
mortalize his own name and those of all his friends. 
Indeed, we know not where philosophers are to find titles 
for all the species they are likely to discover, since a 
single inquirer has already published in Silliman^s Journal^ 
a list of two hundred and fifty Infusoria from three lo- 
caHties, with the names of the genera and species aflixed. 
It is, however, not to be expected that all inquirers will 
have the science, zeal, and industry of Prof. Bailey, who, 
we believe, is only excelled in the knowledge of this sub- 
ject by the eminent Ehrenberg, of Berlin, who first 
directed the attention of science to this investigation. 
Besides the more solid materials in which these animals 
are foupd, the yellow ocherous scum, observable in ponds, 
ditches, and stagnant pools, is an aggregation of animal- 
cules, whose shells are ferruginous, and which are of such 
extreme minuteness, that one cubic inch must contain at 
least a billion of their cases or skeletons. 

FOSSIL INFUSO&IA. 

185. From this notice of a few recent forms of infu- 
soria, we proceed to the investigation, not only of the fossil 

' remains of this class, but also to other minute animal 
organisms with which they are associated; and being 

What number of infusona did Ehrenberg find in a specimen of Trip* 
oli? What is said of Prof. Bailey's discoveries on this subject? 
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iaviaibie to tbe naked eye, will be conveniently examined 
in this place. These are tbe Polythalamia, (tnony-cAaw 
bered ghelis^) and the Foraminifera, {covered with poret.)- 

In peat bogs and swanipe, masses of a whitish paste or 
■and may often be observed; also, on the borders of ata^ 
nant pools, after being partly dried by the sun, there com- 
monly remains, in the dark, hardened mud, grains of irhite 
tand. In either case, if this Band be placed under the 
microscope, it will be found to consist of tbe remains of 
infusoria, of many fcuma and species. 

186. Infasorial Mart of RichTHond. — The town of Rich- 
mond, in Virginia, is built on strata of eihcious marls, of 
considerable extent and thickness. This formation Prof. 
Rogers refers lo the older tertiary period. It occupies a 
wide, sandy and sterile district, rendered so by Its silicioui 
surface, there being little nourishment for vegetatton, 
except what is supplied by art. This sandy soil Pnrf! 
Bailey has shown to consist of the remains of several spf- 
cies of infusoria, represented by Lign. 28, highly mag- 
nified 




Fig. I. Navicula. la, a side view of the same. 2. Cos- 
emodiscus radiatus, a portion of tbe circular shield. 3. 

What ii M)d of the iafuxnu in the dwH of RichnHnd I 
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OmUaneUa wicata. The upper figure shows the face of 
one of the joints, or animalcules, and 3a, three of the same 
imited. 4 Actinocyclus. 5. Another species of the same. 
6*. Cosdnodiseus. 6a, front view. 

The most remarkable and curious forms are saucer- 
shaped shells or disks, haying their surfaces elaborately 
ornamented with hexagonal spots, disposed in curves, pre- 
senting some resemblance to the engine-turned case of a 
watch. No. 2 is a small section of such a shell, veij 
highly magnified. These cases or disks vary in size, £com 
I Jt to -nroT of an inch in diameter. 

When a few grains of this marl are prepared, and 
mounted on a glass, almost all these varieties will be mani- 
feist, so largely is this earth composed of the skeletons of 
these animals. In fact, very few inorganic particles are 
mixed with these organic remains. 

ANIICALCULES IN OHALX. 

187. M. Ehrenberg has demonstrated that a cubic inch 
of chalk may contain at least one million of well-preserved 
animalcules and shells. The larger species of these may 
be obtained by brushing the chalk into cold water ; but 
the microscopic forms remain a long time suspended in 
the WfKter, and can only be obtained by a peculiar process. 

**GliiBi&, therefore," says Mr. Mantell,"must be regarded 
as anlMiSi^&te of exceedingly minute organisms, and of 
inorg^CTC particles. The soft, yellow chalk of the north of 
Europe,'^i0[ OjQtoposed of about one-half its bulk of fossil 
bodies; but itf that of the south of Europe, the organic re- 
mains largely predominate." 

llie most abundant animal remains in chalk, are two 
kinds of PcHythalamia, called Rotalia and Textularia. It 
must not, however, be imderstood that these remains can 
be seen in abundance, even with a good microscope, with- 
out careful preparation, and considerable experience in the 
use of the instrument ; for the observer will sometimes see 
milUons of atoms with few entire animal remains. 

188. The genus Polythalamia, {many-chand)ered,) con- 
tains a considerable number of species ; but in the follow- 
ing Lognograph, we have followed our guide in inserting 
several of the most curious and interesting figures among 

How large are the shells of these beings ? How many oxganic xemains 
«re found in a square inch of ohalkt 
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^.be vast numbera which have been obaerred, without n 
gard to genera. They are from chalk, and greatlj mng- 
nified. Lign 29. 

No. 1. Campilodiscus, a. perfect shield. 2. Part of another 
of the same kind. 3. LituolaTtaulilidiB ; 3a, side view of 
the same; iib, the last cell in 3a; 3c, side view of a joimg 
shell bef::c it is produced. 4. FiabeUtna baudonia; 4(i,the 
same individual seen in profile, showing the double B[»ial 
structure. 5. Nodosaria. The line below indicatea the 
natural si 




roljthBlanua. 

LiTUOLA, erosier-like shell. This in its young stale is of 
a discoid al involute form, aa shown above, 3i,3ri; but with 
age it becomes produced or unfolded, and assumes the 
form of a ciosier. as seen 3a. 

Flabbllina, fan-shaped, 'lliis occurs in flie chalk of 
France and England. When viewed indifftnpiit jisjM'cts, 
this shell presents quite dissimilar forms. Seen in profile, 
4a, it is somewhat fan-shaped; but viewed laiomlly, U 
presents a spiral and chambered structure, as at 4, Lig». 
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29. The lar^ coralline species, fig. 5, is often aooociatad 
with the above 



We have already repiesented eeveral living species of 
this family at Lign. 27. They are also found in the 
fossil state in abundance, both in chalk and flint, and 
are among the inteieating and elegant fonns found among 
these minute beings. When the animals die, their soft 
parts rapidly decompose, and their silicious cases remain, 
appearing as spheroidal or. globular bodies, beset with 
spines. "One of the most interesting groups of Xanthi- 
dia," says Mr. Mantell, "was discovered by my son, Regin- 
ald Nevill Mantell, in a fragment chipped off a flint pebble, 
by a smart blow of a hammer; and 1 will describe the 
mode by which these bodies were detected, as it gives a 
good practical lesson for the young investigator: 




" These bodies vary from jJi to j Ji of an inch in diam- 
eter The chip of flint, of the natural size, is represented in 
Lign. 30, fig. 1. It was immersed in oil of turpentine for 
ft^OTttime, and then placed on a piece of glass, and ex- 
amined with a moderate power by transmitted light, the 
turpentine having rendered the translucent flint nearly as 
transparent as glass; this appearance is shown by fig. 2. 
The half-inch object-glass was then empVoyei, aai 6%. ^ 
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is the result. The quarter-inch object-glass, and a cor- 
responding eye-piece, were then substituted, and by the 
adoption of a camera lucida^ figs. 4, 5 and 6 were delin- 
eated. Fig. 5 proved to be a new species, and has there- 
fore been named after the discoverer, Xanthidium Reginr 
aldi. Fig. 4, X. ramosum. Fig. 6. a variety oi X, ramosum " 

MICROflCOPIC EXAMINATIONS OP CHALK AND FLINT. 

189. The following method is that of Ehrenberg: Place 
a drop of water on a plate of thin glass, and put into it as 
much scraped chalk as will cover the point of a knife, 
spreading it out, and leaving it to rest for a few seconds; 
then withdraw the finest particles, which are suspended 
in the water, together with most of the liquid, and let the 
remainder become perfectly dry. Cover this dried spot of 
chalk with Canada balsam, (the turpentine of Abies bal- 
samea,) and hold the plate of glass over the flame of a 
lamp, mitil the balsam becomes slightly fluid, but without 
froth or air-bubbles ; it should be maintained in this posi- 
tion, the glass being kept as hot as the fingers will bear, 
for a few minutes, until the balsam is found to have 
thoroughly permeated the substance to be examined. It 
is preferable to place a piece of thin glass upon the bal- 
sam, and gently press it down, and allow it to remain. 
(Glass for this purpose maybe purchased in London, only 
,-Ju of an inch thick.) The best flattened crown-glass 
should be used to place the chalk or other objects on. It 
IS convenient to have the slips of glass of one size, or the 
specimens will require diflferent boxes for their reception ; 
three inches by one inch, is that usually employed. 
These objects require to be viewed with a magnifying 
power three hundred times linear, that is, in diametisr, and 
if the process has been properly conducted, it will be seen 
that the chalk is chiefly composed of well-preserved or 
ganisms. In these preparations, all the cells of the Poly- 
thalamia appear at first black, with a white central spot 
which is caused by the air contained in those cavities ; foi 
air bubbles always appear under water as black annulai 
bodies ; but by degrees, the balsam penetrates into all the 
single cells, the black rings of the air vesicles disappear 
and the structure of the originals is beautifully displayed 
M. C. 245. 
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. CHAPTER XVI. 

FOSSIL POLYPARIA. 

190. The living forms which come under this order, some 
of which are of the very lowest creations of animated be- 
ings, are almost innumerable. The term Poljrparia, signi- 
fying anti7ia/j7^n^ indicates that these are the links which 
connect the animal and the vegetable kingdoms. Some 
of the tribes, as the hydra, have the power of moving in 
the water by elongating and contracting their bodies and 
tentacula ; while others, as the sponges and corals, are 
fixed, and have not the power of locomotion. (A more 
particular accoimt of these animals is contained in the 
first part of the author's Physiology.) The hydras, being 
soft animals, and building no silicious habitations, have 
no fossil remains; but the sponges and corals are not 
unfrequently found petrified. One species, in particular, of 
the former, of large size, being twelve or fourteen inches 
in length, and spreading into numerous branches, occurs 
in this state. Such masses are called Spongites, that is, 
sponge stones^ and many of them belong to species now 
growing. 

The coral polyparia are groups of polypes, permanently 
imited at the base, and arranged side by side, each hav- 
ing an individual existence. A common support or skel- 
eton is secreted by the united action of the group, and 
which varies in its consistence from a gelatinous, or homy 
material, to a calcareous frame-work, that remains when 
the animals or polypi die, and their soft parts decompose. 
The basis or skeleton of these groups is termed polypidom, 
polype-house,) arid those left of a stony hardness, are 
famiUarly known as corals; the name, therefore, refers to 
the durable remains of the polypi, and not to the animals 
themselves. 

191. It may be well to notice here a prevailing error, 
in regard to the mode in which the substances called co- 
rals are produced. It is generally supposed that corals. 

What does polyparia signify? Of what order of creation «x«V.\\<e;^ 
What are the cond poljparui ? 
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particularly thor.c covered by stars and cells, have beoo 
constructed by tke poljpes, in the same manner as the 
honey-comb is by the bee ; and the expressions, often em- 
ployed by naturalists, of **the coral animalcules building 
up their rocky habitations," and "constructing their cells 
in a particular manner," have contributed to perpetuate the 
error. But the cases are in no respect similar; the bee, 
imder the guidance of an unerring instinct, resulting from 
its peculiar organization, does mechanically construct its 
cells; but the polype is incapable of forming, or even modi- 
fying its support or cell, in the slightest degree. The 
frame-work or skeleton is secreted by the animal tissues, 
in the same manner as are the bones and other parts in 
the higher order of animals, without the individual being 
conscious of the process. If a piece of white coral be im- 
mersed in dilute hydrochloric acid, the calcareous portion 
will be removed, and the secreting membrane, in the form 
of a flocculent substance, be seen attached to the undis- 
solved part ; and even in some coralhne marbles, although 
of incalculable antiquity, the animal matter may in like 
manner be detected. M. C. 271. 

192. Genus Astrea, (^star-like corals.) Description. — 
Poljrparium massive, irregular in shape or globular, formed 
by an aggregation of laminated, radiated, shallow poly- 
morphous cells. 

The species of this genus are among the most numer- 
ous of the corals of the oolite, and the older secondary 
formations ; and with several other genera, form those co- 
ralline beds, often many feet in thickness, which pervade 
some of the strata, and are in fact coral reefs, that have 
accumulated beneath the sea, in the places they now oc- 
cupy. Some specimens of the Astrea are remarkably 
beautiful, being composed of five or six-sided figures, from 
the centres of which the stellate rays all diverge. 

Lign. 31. Fig. 1. Astrea ananis, Devonshire. Fig. la, a 
pohshed slice of marble of the same species. Fig. 2. Sy- 
ringopora ramulosa, Devonshire. Fig. 3, a fragment of Fav- 
osites gothlandicaj Ohio, by Dr. Owen. Fig. 4. Anthophyl- 
lum Atlanticum, United States, by Dr. Morton. Fig. 5. 
Caryophyllia annuUariSj oolite. 

There are perhaps hundreds of varieties of fossil corals, 

What is the error ftbout the construction of corals? 
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some of which, when polished, form remarkably beautiful 
specimens. They are mostly calcareous petrifactions, 
though sometimes silicioua. Mr, Mantel! describes one 
from Wiltshire, found in large hemispherical masses, com- 
pletely silicified, a transverse section of which displays, 
in some specimens, beautiful white radiated stars, od a 
dark-blue ground; and in others, the colors of the stars 
and ground are reversed, the stars being blue and the 
ground white. 



193. We have more than once remarked, in the forego- 
ing pages, that the lowest orders of animal eiristencea 
were found in the lowest, or oldest formations. Thus, the 
extinct polyparia, are none of them found in a recent strata, 
but all in the earliest geological periods in which there 
are any signs of vitality. 

About three hundred and fifty species of this family are 
enumerated in Morris' Catalogue of British orgamc re- 
mains. These beings all fovmd in that countTy ^v\ikn}. 
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reference to those at present known and named in France^ 
Grermany, Italy, America and other countries, this number 
itself is sufficient to indicate that a much greater aggre- 
gate of names could at the present time be exhibited. 
And yet little comparatively is known of the whole num- 
ber of genera and species, which will hereafter be discov- 
ered and named, as the necessary labors of man progress 
in excavating the same formations in different parts of the 
earth, in which they are known to exist in England. 

The tertiary fonnations contain the sponges, and a few 
species of corals not contained in the secondary; while 
the secondary, immediately preceding the cretaceous for- 
mations, namely, the lias and oolite, contain vast num- 
bers of zoophytes, of nearly every family known. The 
corals and shells are all of extinct species ; of these, the 
oolite have yielded about two hundred species. In the 
Silurian rocks, entire beds, composed almost exclusively of 
poljrparia, and of considerable extent," are found; and^n the 
same strata in this country, the same description of coral- 
line marbles exist. This would seem to prove that a 
more equal temperature prevailed on the earth at that ge- 
ological period, than at the present time, when these poly- 
paria exist only in tropical climates. It is said that the 
reef-forming genera are now confined to waters where the 
temperature is not below 70°, and that their most prolific 
development is where the temperature is not below 75°. 

COLLECTING FOSSIL ZOOPHTTES. 

194. The minute corals of the chalk are to be obtained 
by the same process as that directed for the infuso- 
ria. The large examples should be left attached to a 
piece of chalk, or the material in which it is found, when 
practicable, and the surrounding stone removed with a 
knife or graver, so as to expose as much as possible of 
fossil, without loosening its attachment to the block. 
When the investing chalk is very hard, frequently pen- 
ciling the specimen with vinegar, or dilute hydro-chlo- 
ric acid, will soften the stone, and render its removal 
easy, by means of a soft brush ; when acid is employed, 
the specimen must afterwards be well washed in cold 
water. It may, perhaps, be well to caution the collector 
against emplo3ring sulpnuric acid for this purpose; for a 
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white insoluble deposit, sulphate of lime, will thus be 
formed on the specimen, which cannot be washed off and 
thus it will be nearly ruined 



CHAPTER XVII. 



LILY.BBAPEO ANIMALS, STAR-FISH, SEA-URCHINS. 

195. The term Echinoderma, {spiny-shi^j) is applied to 
this class, consisting of three families, viz. : the Crinoidea, 
or st(me4ilies, as they are called ; the Stelleridse, or tl\e 
siar^fishes, and the Echinidae, or sea-urchins. 

Tlie star-fish, and the sea-urchins, are well known, and 
quite popular living families, there being hardly a col- 
lector with a dozen specimens on his shelf, where more oi 
less of these tribes are not to be seen. The lily animals, 
on the contrary, are mostly an extinct race, there. being, it 
is said, only two representatives of the family in the living 
state. These are the Caput Medusa and the Comatula, 
both of the West Indies. 

Grenus Crinoidea. — This includes the whole family of 
lily-like animals, which is however divided into several 
species, or varieties. The fossil remains of the Crinoids 
consist of the ossicula, or little bones of the column, arms 
or tentacula; of the plates of the receptacle; and of the 
foot-stalk or stem by which it was permanently fixed to 
the rock in the sea. The foot-stalk is in some instances 
flat, and expanded like the gorgonia, or sea-fan ; in others 
it is round, consisting of hundreds of little circular bones, 
laid one on the other, and fastened together by a mem- 
brane, allowing motion in all directions, like the spine of a 
snake. In other varieties, this part is pentagonal, or five- 
sided, and hence this variety has the name of Pentacrinitey 
(In Dr. Buckland's Bridgewater Geology., this family has 
had much attention bestowed upon it, many of the varie- 
ties, with the forms of the ossicula and of their stems, 
being figured and described.) 

The detached bones, ana portions of the stems, are so 
common in some of the English lime-stone quarries that 
the little round bones are well known among the people 
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under ihe narne of uiheel-stonts. In the north of England 
they are called fairy-stones and St. Culkliert's beads. 

196, Eiicrinitc. — Tlie generic names of this family tor- 
minale witli eri/iiles {stone-Ulu). Thus, the penttu^iU 
means five-sided stone-lily, iti allusion to its five-sided stem. 
Apivcrinites, pear-shcprd, in allusion to the pyriform bead 
'fhe term fonnerly cm]iloycd for the whole family, and 
before Ihe species were distinguished by difierent names, ia 
litill rotainoil, and ajiplicil to that variety which raost re- 
sembles a lily, or tulift viz. : I-lncrinilp, or JSncrinus, which 
is the tnie lily-form vuriely. 'I'liis is represented by Fig. 1 , 
Lign. 32, and is remarkable for the elegance of its form, and 
the fine state of preservation in which it is often found. The 
specific name is Encrinus liliformis. The column or atesa 





Eiicrimt«B. 

IB composed of numerous perforated, round, flat-jointa, at- 
ticulated by a radiated or grooved surface, the ossicula, 
of which the whole is composed, being alternately larger 
and smaller, thus allowing great freedom of motion. T^ia 
variety is found in abundance in various places in Eng- 
land, as well as on the continent, and in this country. 

ApiocriniCes rotundas, or pear-eacrinite, Fig. 2, abounds 
in the limeatones and clays of the oolite, in various parts 
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of England. It is also found on the continent, and in the 
state of Ohio. The column or stem of this species ia 
composed of round, even, ossicula, or articulations with 
radiated surfaces, and an opening or perforation througli 
the centre. The arms of this specimen are broken oil', 
as is nearly always the case in this variety. 

With respect to the habits of these animals, they were 
all attached to stones at the bottom of the sea, and there- 
fore could extend their motion in every direction to the 
length of the column or stem, and no further. This prob- 
ably varied from a few inches to a foot or two. The 
arms, represented as closed in fig. 1, are composed of little 
bones, or ossicula, like the stem, and indeed all the other 
parts. These the animal had the power of spreading out 
like a star, for the purpose of grasping its food, and bring- 
ing it to the mouth, which was situated in the centre, or 
at the base of this curious apparatus. When one of the 
arms or tentacuja were broken off, it appears that the 
animal had, like the lobster and crab, the power of repro- 
ducing it. Thus, many instances have occurred, where 
these parts were in the process of reproduction, presenting 
a small short arm, instead of the full-sized like the others. 

The number of bones of which the lily-encrinite was 
composed and which formed the great bulk of the animal, 
amounted to many thousands. Mr. Parkinson ( Organic 
Remains) had the curiosity to count them in a specimen, 
in a superior state of preservation, and found the number 
at least twenty-six thousand. 

197. Says Dr. Buckland, {Bridgewater Treatise,) " The 
physiological history of the family of the Encrinites is 
very important ; their species were numerous among the 
most ancient orders of created beings ; in this early state, 
their construction exhibits at least an equal, if not a 
higher degree of perfection, than is retained in existing 
species of Pentacrinites ; (Caput Medusa and Comatula) ; 
and although the place which, as Zoophytes, they occu- 
pied in the animal kingdom, was low, yet they were con- 
structed with a perfect adaptation to their low estate, and 
in this primeval perfection they afford an example at va- 
riance with the doctrine of the progression of animal life, 
from simple rudiments, through a series of gradually im- 
proving and more perfect forms, to its fullest development 
in existing species." 

9 
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1*J8. Star-Fishes. — The star-fish, popularly so called, 
are very common along the sea shores in all parts of our 
country. The common species have five rays, with a 
groove on the under side, along which are perforatioiu, 
and through them are protruded or retracted small tubular 
tentacula. The mouth is situated in the centre of the 
under surface. They are rough on the upper side, with 
small tubercles, containing pores. Their color is brown 
or reddish ; their motions slow, and their appearance dis- 
agreeable. There are several species, all of which have 
their rays elongated, so as far to excel in length the diam- 
eter of the diiiik. Some of the fossils of this family axe 
formed very nearly like the recent species above described, 
while others consist of five angles, or projections, with a 
large disk, the whole hardly amounting to the stellate 
form. 

199. Grenus GoNiASTKR, {Cushion-star.) — The star-fishes 
of this genus are of a pentagonal form, and bordered with 
marginal plates. There are some recent examples of this 
family which are beset with spines, though no traces of 
them can be detected in the fossils. The frame of the 
cushion star-fish is composed of ossicula, many of which 
are often found in the chalk formations. 

200. Fossil EcmxroA, or Sea-urchins. — The relics of 
this family are among the most familiar objects known as 
petrifactions. Their enveloping cases or crusts are of 
considerable durability, and hence have served as molds, 
into which flint, calcareous spar, or other mineral sub- 
stances, when in a dissolved state, have percolated, and 
upon consolidation have formed sharp enduring casts, ex- 
hibiting the forms of the plates of which the shell was 
composed, the disposition of the pores, &c., thus forming a 
very perfect cast of the interior of the whole. 

The common Echinus of our sea coasts, called sea-ege^ 
or sea-urchin, presents the usual characters of the fossil 
species. 

The globular shell of some species is composed of nu- 
merous calcareous plates, exquisitely put together, and ar- 
ranged in elegant patterns ; appearing like the lines of 
the meridian on an artificial globe. The plates are dis- 
posed in vertical series, united by finely serrated sutures, 
forming five-sided figures. The plates are ornamented 
with tubercles, between which are lines of pores, or aper- 
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tures, bj which the animal protruded its feet or tentacula. 
The tubercles vary in size, from mere grains to large 
mammillated protuberances. To these the spines are or 
were attached by exceedingly fine muscles, thus forming 
the ball and socket, or universal joint. In some varieties 
there passed a ligament from the ball to the centre of the 
socket, as in the human thigh bone. It is very difl5cult 
to obtain even recent specimens with all the spines at 
tached. Whether the animal has the power of throwing 
oflf, or disjointing these arms, like the crab and lobster, we 
know not ; but it is rare, even in the most numerous collec- 
tions, to see a perfect specimen, that is, one with all its 
spines in their places. 

The spines or arms are the organs of loco-motion in all 
this family, and with which they not only contrive to 
move with comparative celerity, but also to bury them- 
selves in the sand ; and it is probably owing to the latter 
circumstance, that such numbers of them are found in so 
perfect a state. The forms of these organs vary much in 
the diflferent species, being in some, thin, long and pointed, 
like needles ; in others thick, with blunt points, and in 
others elongated ellipses, their outlines resembling paddles. 
The orders and species of this great family are so numer- 
ous and interesting, that treatises of considerable length 
have been occupied in their illustrations and descriptions ; 
and at the present time M. Agassiz, of Switzerland, is 
preparing a work on the " Recent and Fossil Echinidae." 

201. Genus Cidaris, Turban echinus. — This includes 
the globular, depressed, and spherical species, having the 
mouth in the centre below, with an 'outlet opposite, on the 
summit. The shell is composed of twenty vertical series 
of plates, the ambulacra^ or porous grooves, forming con- 
tinuous bands from the summit to the mouth, which is 
armed with five angular teeth. This group comprises 
many of the most elegant fossil species, some of which, 
from their shape and beautifully ornamented surfaces, are 
called " fairy night-caps" and " turbans." The genus 
varies, from an inch to two or three inches in diameter, 
and we regret that our limits will not allow figures of a 
few of the varieties. They occur in the oolite and chalk 
formations. 

202. Genus GALERiTES,(c(zp-*^apc</.) — This genus is onl^ 
found in the fossil state. The species are known by their 
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retrularly circular, or polygonnl shell, which is flat below 
ai:il conical above, and fonneil of (iissimilar plates, covered 
with minute tubercles, 'i'he ambulacra, or groovei of 
pores, are narrow, and vary in number from four to six in 
the different species ; they pass from the sununit to the 
mouth. The species of ihis genus are very numerauo, 
and in some chalk formations are found in incredible num- 
bers. Sometimes the specimens obtained from chalk are 
filled with flint, and these, when the shell which remains 
outside is dissolved in hj'drochloric acid, afford exquisite 
casts. By this means, the form of the plates, and casts 
of the minutest pores, are stereotyped on the remaining 
silex, giving imperishable and exact representation ^ 
the inside of the shell. 




Galentea. 



The Galerites castanea is represented by Lign. 33, Ftg, 
1, showing the fonn of the shell, being flat below and 
conical towards the apex. Fig. 2, shows the conical part 
of the shell, viewed from above, showing the rows of aDi- 
bulacra, passing from the summit to the base or mouth. 
Fig. 3, the base, showing the pentagonal mouth, and the 
vent in the margin. 

The Echinites, unlike the fixed Encrinites, have a pro- 
gressive motion through the water, which they effect by 
the rapid motion of their arms or spines. With these, 
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wliich in some species amount to a gr^J-number, they 
nse or sink at pleasure ; and as they hav^'.tl -motion in all 
directions, while they employ some as oara^-elhers can be 
used in catching food, and conveying it t6 tbjeir- mouths. 
In some respects they are among the lowest oxdexfi of ani- 
mal existences, but in others they are wonderfully* made, 
having apparently the most perfect adaptation .«td ;their 
modes of hfe, and the means by which they subsist.' 

ON COLLECTING THE FOSSIL ECUINODERMA. « 

203. In searching for fossil Crinoideans, the receptacle .- 
or head should be the principal object ; and if only de-, - 
tached plates can be found, their natural position should/ 
be carefully noted, and the specimens glued to a card or ' 
board in that order ; and some of the ossicula of the arms, 
or stem, if found, be placed with them. 

The star-fishes are so simple in form and structure, that 
it is hardly necessary to offer any suggestions for their de- 
velopment ; of course, the more perfect they can be ob- 
tained, the better, and to do this, they must not be removed 
from the stone. 

In collecting the Echinides, much caution is required, 
especially in dissecting specimens surrounded by spines. 
If imbedded in hard limestone, or in laminated clay, it is 
hardly possible to succeed ; but it often happens that the 
Cidarites of the oolite are attached by the base to the 
solid limestone, while the body, with the spines, is imbedded 
in clay, or in the sandy friable, aggregate, not difficult of 
removal. The chalk Echini will be found to possess 
spines more frequently than could be supposed, if care be 
taken to explore the surrounding stone before it is re- 
moved. Sometimes the Cidarites, with spines may be ob- 
tained, when there was no manifest evidence of these 
appendages, by carefully scraping away the surrounding 
mass until the extremity of a spine appears, and the trac- 
ing it to the body of the shell. The chalk around the 
situation of the mouth, should always be carefully re- 
moved, in hope of preserving the teeth. 

As the shells of Echinides, when hollow, are often lined 
with crystals, it is best to break indifferent specimens of 
the common species, in hope of discovering such examples 
M. C. p. 360. 

9* 
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.-.CHAPTER XVIII. 

DiBTAIBUTlON AND GROWTH OP TE8TACEA. 

204. /l^HE Testacea are molluscous, or soft-bodied ani* 
malSj' having a hard or shelly covering, as the snailii 
oystelis, claiQs, &>c. 

'Oeographical distribution of the Testacea. — ^ The tea- 
tacea," says Mr. Lyell, " of which so great a variety of 
species occurs in the sea, are a class of animals of peculiar 
fjoa'portance to the geologist ; because their remains are 
Ibund in strata of all ages, and generally in a higher state 
of preservation than those of other organic beings. Climata 
has a decided influence on the geographical distribution of 
species in this class ; but as there is much greater uniform- 
ity of temperature in the waters of the ocean, than in the 
atmosphere which invests the land, the diffusion of many 
marine moUusca is extensive. 

205. Great range of some species. — Some few species of 
this family are found at immense distances from each 
other, and no doubt exist in all the intervening spaces. 
Thus the CyprtBamoneta or money shell, which is used ia 
some parts of India instead of coin, is found in the Medi- 
terranean, in South Africa, the Isle of France, the East 
Indies, in China, the South Seas, and even as far west as 
the Sandwich Islands. The Turbo petracus also inhabits 
the seas of England, Guadaloupe, and the Cape of Good 
Hope. This would seem to show that there are some 
species of testacea, as in plants and some of the higher 
orders of animals, which have the power of enduring a 
wide range of temperature. Thus, the willows are found 
from the banks of the Jordan to Siberia ; and the rat and 
fox inhabit nearly every part of the earth. 

206. Confined range of others. — Mr. Lowe enumerates 
seventy-one species of land mollusca, collected by him in 
the islands of Maderia and Porto Santo, sixty of which 
oelonged to the genus Helix {snail,) of which forty-four 
are new species. It is remarkable, that very few of the 
above genera are common about the Canaries, and still 
more so, that of sixty species, thirty -one are natives of 
Porto Santo; whereas in Madeira, which contains ten 
times the superficies, were found but twenty-nine. Ol 
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these onlj four were common to the two islands, though 
separated only twelve miles apart. 

The confined range of these mollusca may be easily ex- 
plained, if we admit that species have only one birth-place; 
and the only problem to be solved would relate to the ex- 
ceptions — to account for the dissemination of some species 
of land mollusca throughout the European continent- 
May not the eggs, when washed into the sea by the un- 
dermining of cliffs, or blown by a storm from the land, 
float iminjured to a distant shore ? 

207. Their mode of diffusion. — Notwithstanding the 
l^yerbially slow motion of snails and mollusca in gen- 
eral, and although many aquatic species adhere constantly 
to the same rock for their whole lives, they are, many of 
them, by no means destitute of provisions for disseminating 
themselves, rapidly, over a wide area. Some lay their 
eggs in a sponge-like nidus, wherein the young remain en- 
veloped for a time after their birth ; and this buoyant sub- 
stance floats far and wide as readily as sea- weed. In rivers 
and lakes, on the other hand, aquatic imivalves usually 
attach their eggs to leaves and sticks, which have fallen 
into the water, and which are liable to be swept away dur- 
ing floods. Particular species may thus migrate during a 
single season from the head waters of the Mississippi, or 
any other great river, to the countries bordering the sea, at 
the distance of many thousand miles. Lyellj Princp. iiL 
p. 145. 

FORMATION AND GROWTH OF SHELLS. 

208. Shells may be defined to be hard bodies, which 
are formed by secretion, by the soft, inarticulate animals 
which inhabit them. It is said by Mr. Gray, of the British 
Museum, who has written a memoir on this subject, that 
the animal, shortly after it is formed in the egg, begins to 
construct its shell ; and, when hatched, deposits on the 
edge of the mouth of the minute shell which covered its 
body in the egg, a small portion of mucous secretion. This 
mucus soon grows hard, when the animal lines it with a 
fresh layer, composed of mucous matter, mixed with cal- 
careous particles ; and when this deposit becomes hard, it 
is again lined with the same kind of composition as before. 
This alternate deposition of mucus, and of mucus mixed 
with calcareous particles, proceeds as the tenant enlarges 
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and requires more ample cover and protection, until its 
habitation is complete, and suited to the wants and station 
of the occupant. The shell is, in truth, molded on the 
body of the animal, as it increases in size, forming a cover, 
a dwelling, a coat of mail, a shed, a boat, a ship, or a 
palace of pearl, as is best adapted to the exigences of the 
case, or the station of the builder in the scale of creation. 
The inequalities or irregularities of the body itself are also 
reproduced by corresponding protuberances on the outside 
of the shell ; so that the elevations, deprepsions, fissures, 
tubercles, or spines, which distinguish individual species, 
may be considered only as the effects of corresponding 
projections in the form of the animal, or perhaps of its 
protruding tentacula. 

209. Among the instructive and interesting facts shown 
by a suite of molluscous shells in the British Museum, on 
this subject, are the following : The mode of growth ; the 
changes which take place in the shell during the increase 
and expansion of its inhabitant ; the manner in which 
these animals repair any accident to their shells, or remove 
by absorption any portion which has become unnecessary 
or inconvenient. Other spechnens illustrate the manner 
of forming a straight, or nearly straight shell, into one of 
the spiral variety ; while others exhibit the deformities or 
monstrosities which sometimes afflict individuals of this 
class of beings. 



CHAPTER XIX. 

CONCHOLOGY. 



210. The several parts of a shell are distinguished by 
different names, which, as in other sciences, have a tech- 
nical meaning. Without this language, one shell could 
not be so described as to distinguish it readily from an- 
other. This language applies to fossil, as well as recent 
shells ; and, therefore, before we proceed to describe and 
illustrate the testacea of a fonner world, it will be neces- 
sary for the student to understand, at least, some of the 
terms employed in describing the shells of the present tima 
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211. Composition of Shells. — Shells, in their recent state. 
are composed of carbonate of lime, mixed with a httle 
animal or gelatinous matter. Some shells, if placed in a 
weak acid, will exhibit the tissue of this matter, the acid 
dissolving the lime, but leaving the gelatin in nearly its 
original state. In fossil shfells the animal matter is seldom 
present, the shell itself being petrified, and its interior filled 
with carbonate of hme or with silex. 

212. Conchology defined. — Conchology is the science 
which treats of the structure, arrangement, and properties 
of shells. Shells are inhabited by testaceous animals, and 
to which they are only partially attached. Crustaceous 
animals are confined entirely within their coverings, each 
limb or member being invested by its own peculiar shield, 
as in the lobster and crab. Many of the testacea are fixed 
by an attachment to other substances, as the oyster and 
muscle ; while others have the power of crawling dlong 
the bottom, or of moving through the water, as the unio 
(fresh-water clam) and the scallop. The animals which 
inhabit shells axe called mollusca or molluscous animals ; 
but the classification depends, not on the habits or form 
of the animal, but on the form and other properties of the 
shell. 

The Linnaean system of conchology, which is the most 
simple of any that has been proposed, divides shells into 
Multivalves, Bivalves, and Univalves. 

By valve is here meant any single piece of shell, which 
forms the habitation, or part of the habitation, of a mol- 
luscous animal. Any shell, formed of more than two 
pieces, is a muUivalve. Bivalves consist of two distinct 
pieces, and univalves of a single piece. 

I. MULTIVALVES. 

213. This is much the smallest class, but contains some 
beautiful shells. The genus Lepas, which contains the 
common barnacle^ fig. 1, belongs here. The Chiton, or coat 
of mail, is another member of this class. The geneiic 
description of Lepas is, " Shell multivalve ; affixed at the 
base ; valves unequal, erect." These shells are chiefly 
parasitic, being attached to extraneous substances : often 
to ships, pieces of wood, whales, &c. Th^ generic char- 
acters of this class are derived from the number and situa 
tion of the valves. 
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214. This class includes all such shells tts an cooi* 
posed of two pieces only, whatever their foims or dimen- 
sions may be; and in these respects the species AiSa 
exceedingly. The two valves of the Chama gigas some- 
timea weigh five hundred pounds, and from this, there an 
all grades of size down to that of a grain of sand. 




215. Bivalve sbelb, when their valves arc similar in size 
and form, are said to be eqaioalved ; if not similar, in^m- 
valved; when the anterior part agrees in form with the 
posterior, they are said to be equilateral; if not, inequilat' 
eral. The valves are connected at their base by a liga- 
ment, with or without a hinge, the ligament being placed 
exiemalli/ 01 internally. Thefreiiy, a, Fig. 2,i,tgn. 34, ia the 
most tumid part ; the disk, h, is that part between the belly 
and the Tnargin, c, which is considered to refer to the exter- 
nal side, or, as it may be termed, when the shell is placed 
on its base, the wpjier side ; then the umbones, (eminences) d, 
are beneath the hinge, and terminate in the points or beak*, 
e, which are incurved, reflected, or ear-formed. The beaks 
are frequently, in particular shells, accompanied by two 
external impressions ; one of these, the corslet, f, is on the 
anterior surface, and is separated from the disk, genemlly 
by a ridge, an angle, or a sunken line, and is often distin- 
guishable by its difference of color ; it is sometimes spinous, 
carinated, iamellated, &c., but is more ^enerall^ smooth, 
when it is said to be naked. The other impression, called 
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the lunule, g^ is placed at the bottom of the posterior sur- 
face ; it is vanously shaped — ova/, oblong^ lanceolate^ &c. 
The two pieces forming the shell are called the right and 
left valves : the shell being placed on the hinge, with the 
anterior side forward, that is considered as the right valve 
which answers to the left hand, the other being the lefi 
valve. The length of a bivalve is from the mnbones to the 
margin opposite ; and the width or breadth^ from the end 
of the anterior to that of the posterior margin : hence many 
shells are broader than they are long : those whose length 
exceeds their width, are called longitudinal^ and those 
whose width exceeds their length, are called transverse 
shells. Shells are distinguished by the appellations free^ 
'when they €tre capable of moving, and fixed^ when they 
adhere to other bodies. 

Bivalves are divided into three orders, depending on the 
mechanism of their hinges. 



Fig. 1. 



UGN. 35. 



Fiff.2. 




^^^^^ 



Mya hinge. 



Cardiuzn hinge. 



216. First. Those which are furnished with internal 
teeth at the hinge, but which are not inserted into the op- 
posite valves, as in Lign. 35, Fig. 1. The genus Mya (to 
which belongs the common long clam) and Solen (razor 
shell) ajre examples. 

To the Mya genus belongs the Pearl Gaper, {Mya mar- 
garitifera^) a beautiful shell with a pearly lustre, and which 
occasionally produces pearls c4 great value. It is found in 
the large rivers of the northern latitudes, and is not the 
shell which is the object of the regular pearl-fishers. 

To this genus, also, belongs some shells in considerable 
request among collectors : but, on the whole, the genus is 
not remarkable for the beauty of many of its species. 

217. Second. Shells which have their teeth inserted into 
their opposite valves, Lign. 35, Fig. 2. To this order belongs 
the Cardium (heart shell) and the Venus ; one species of 
which is well known in our markets, under the name of 
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round clam, and which are takon in great abundance on 
the shores of Long Island, and sold as an article of food. 

Third. Shells having a hinge, without teeth, as in the 
well-known shells of the oyster and scallop. 

The generic distinctions of the bivalves, depending en- 
tirely on their teeth, and their genera in the Linnaean sys- 
tem amounting to only thirteen in number, they are easily 
distinguished from each other. The species depending on 
the forms and markings are not so readily distinguished. 

III. UNIVALVES. 

218. This is much the largest class, and contains a 
great proportion of the shells which collectors seek after 
with so much avidity, and many of which sell at exorbi- 
tant prices. 

Univalves differ greatly from each other in form, size, 
and coloring. Like the bivalves, their different parts are 
distinguished by peculiar names, which are applied in sci- 
entific descriptions, and by means of which conchologists 
are enabled to imderstand each other. 

Only the most necessary and conmion of these terms 
can here be explained. 

The univalves are distinguished chiefly by the form, 
size, and direction of their apertures, but sometimes by 
the conformation of the shell. 

The univalves are exceedingly numerous, of a great 
variety of forms, and some of them remarkably beautiful, 
both in shape and color. For the names of the several 
parts of a univalve, see Lign. 36, Fig. 1. 

219. The spire, a, in the univalve, Fig. 1, is formed by the 
union of the turns or whorls, b, which are counted by reck- 
oning the lower turn, containing the opening below, as the 
first, and counting on the same line to the top of the spire. 
The turns in most shells go from the right to the left ; 
when they pass from left to right, which rarely happens, 
the shell is said to be reversed. The line passing round 
the shell hke a screw, and at which the.whorls are united 
to each other, is termed the suture. The whorls are joZain, 
grooved, crenulated, crowned with points, &c. 

The back of the shell, c, is the external, tumid part, on 
the opposite side, and above the aperture. The body con- 
sists of the whole of the tumid part, c, which forms the 
first whorl. The opening or aperture, «, is circular, oval^ 
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angtilar, ftc, and it is often ihe foim of this part which 
determines the genus of the shell. This opening terminates 
in a groove or notch, which is cither straight or turned to 
the right at left, or backmards. When the opening is 
longer than wide, it is said to be longitudinal ; and when 
wider than long, transverse. The edge, or margin of the 
opening, is divided into riglit and left lips. The right, or 
outer hp, d, reaches from the body, or first turn of the shell, 
to the base. The left lip, g, is on the other side of the 
opening, and is of small extent in those shells, the openings 
of which are entire. This opening is filled with a body 
composed of shell, or cartilage, which is attached to the 
animal, and with which he can close the opening at plea- 
sure, by drawing it in. Thia is termed the operculum. 





UmvalTB. Spinl ahaU. 

The little white bodies, popularly called eye-stones, are 
<q>erculunis. 

Univalves are distinguished into two kinds. 

220. First. Those .which are furnished with a spire, 
as Fig. 2, Lign. 36, and those having no spice. 

Those furnished with spires, are again divided into such 
as have — 1st, their apertures ejfu«, that is, having the hps 
separated by a ainus, or gutter, so that, if filled with water, 
it would flow out at the back part, as the conus, eypr^a, 



110 

buUa and valuta. 24. Such as have tittai apntuiM eanJi 
eutate, or like a canal, M bueemum, slrovtbvi and unmm. 
3d. Such as have their apertures eoaretate, or coatiactM^ 
oppoHd to efiuse, as helix, turbo, and nehta. 

LlfiN. ST. 

Pi(. z 




221. Second. Those either having no spires, cr irregu- 
lar, or imperfect ones. The patella, or limpet, Lign. 37, 
Fig. I, is an example. 

In this epitome of conchology, we ahall describe a part, 
but not the whole of the thirty-sis Limiffian genera, at the 
same time indicating which are recent, or now living; 
which are fossil, or extinct; and which are both recent 
and fossil. 

222, MiXTiVALVES. Genus Pholas, Lign. 37, Fig. 2. — 
Shell bivalve, inequilateral, and gaping; having small ac- 
cessory valves, a, situated on the hinge and posterior slope; 
hinge recurved and furnished with a tooth. 

The name Pholadrs, imports seek a hiding, in reference 
to the habits of the animals, which live in limestone 
rocks, or wood, entering when small, and gradually in- 
creasing their cells, according ".o iheir growth. The 
largest specimens are found in chalk, which being a soft 
rock, perhaps admits of a larger growth, in consequence 
of the ease with which the animal enlarges its cell 
There is a mystery concerning the means by which these 
animals penetrate the substance of their future priaon, 
which, from the size of the aperture, must be done wheo 
they are very young. The animal undoufatadly has tha 
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paver of disMlTing the BtODe Uid wood by means wo- 
^own to man. The idea of ihotion with the ahelt, ia 
untenable, since this is covered with raised net-work, 
with the points shaiplj defined. This shell hu not been 
found in the fossil state. 



I* I. 



Fl(. 3. 




223. Bivalves, Genua Mylilus, Lign. 36, Fig. 1. — Shell 
longitudinal, equivalved; the beaks nearly straight, ter- 
minal and pointed; hinge without teeth. Shape either 
folded or iobed, created or attenuated towards the apex. 
This is the muscle of common language. To this genus 
belonga the pearl-bearing shell, (mylilus margaritiferus,) 
of the Indian fiaheriea. The whole genus are inseparably 
attached to.otber substances. 

The species ii^ which pearls are found, are most abund- 
ant, and in the, greatest perfection, on the coast of the 
Persian gulf ind of the island of Ceylon. The term 
pearl-oyster ia commonly appUed to tbu shell, but incor- 
rectly, as is obvious, since the genus is Mytilus, and not 
Ostrea. 

In the great pearl fisheries which supply the Eastern 
markets, the number of £sh annually brought up by di- 
vers, is almost incredibla Many of the shells contain no 
■ pearb, but some contain two or three. Those of two grains, 
sell from about one dollar and fifty cents to two dollars 
each ; those of five grains, from eight to ten dollars each; 
those ofeight or nine grains are of arbitrary value, because 
they are veiy rare. The finest specimens sometimes bring 
enormous prices, being considered invaluable, and fit only 
to adorn the persons of Eastern potentates. 

Of the Mytilus, there are about forty recent, and two 
foBsil species. 

224. Oenus Oitrta. — Shell bivalve, generally with un 



112 CONCHOLOOT. 

even valves, and slightly eared hinge; without teeth, but 
furnished with an ovate hollow, and usually with lateral 
transverse grooves. 

This genus includes the scallop, or pecten, Lign. SB, 
Fig. 2, which, however, unlike the oyster in the habit oC 
the animal, and the general form of the shell, agrees with 
it in the mechanism of the hinge, the part on which the 
generic distinctions depend. 

The loco-motive powers of the scallop are exerted in a 
singular manner. On the ground a rapid progress is made 
by opening and shutting the shell suddenly, and with so 
much muscular force, as to throw it five or six inches each 
time. In the water, an equal dexterity is evinced by the 
animal in raising himself to the surface; probably by the 
same means, and of directing his course at pleasure. 
When disturbed, he shuts his valves, and sinks to the bot- 
tom like a stone. 

Of the Ostrea, there are fifty living, and thirty-six fossil 
species. 



Fig. 1. 



LIGN. 39. 

r\g. 2. 





Patella. 
Argonaiita. 

225. Univalves. Genus Argonauta. — Shell an involuted 
univalve ; the spire turned into the opening, very ihin, with 
a tubular double dorsal keel. Lign. 39, Fig. 1 . 

The art of navigation is supposed to have owed its 
origin to one of this genus. (See Nautilus^ P^g^ 126.) 
He was observed by the ancients (and subsequent expe- 
rience has confirmed the observation) to raise himself to 
the surface of the sea, by ejecting a quantity of water, 
and thus diminishing the specific gravity of his vessel 
When floating in a calm, he throws out two or more ten- 
tacula, or feelers, to serve as oars. If a favoring breeze 
springs up, he spreads a fine membraneous sail, on two ex- 
tended hmbs, and steering with his other arms, shows his 
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naval skill by numberless evolutions. In case of danger, 
he draws in a little water, hauls in, and coils up his tackle, 
and sinks to the bottom. The Argonauta is not found in 
the fossil state. 

226. Genus Patella. — A shield-formed, sub-conical uni- 
valve, without a spire; sometimes with a perforation 
through the summit, Lign. 39, Fig. 2. Lign. ^7^ Fig. 1, a 
perforated Patella. 

The name Patella^ is from the resemblance of some spe- 
cies to the knee-pan. There is considerable variety in the 
forms of the species, but all are fixed firmly to the rocks 
or stones by the animal, which is covered by the shell. 

It is both fossil and recent. 

LIGN. 40. 
Fig. 1. Fig. 2. 





Dentalium. QTpraea. 

227. Genus Dentalium. — Shell univalve, sub-conical, a 
little curved, tubular, not chambered, open at both ends. 
Lign. 40. Fig. 1. 

The form, as the name expresses, is like that of a tooth, 
or tusk, especially hke the tusk of an elephant. 

These shells are found partly buried in the sand, and 
the animal, which some naturalists have supposed to be 
free and unattached to its shell, may be observed to sink 
deeply into it, in order to avoid danger. 

The species are few, and entirely recent. 

228. Genus Cyprc^a. — Shell univalve, involute, obtuse, 
smooth ; aperture effuse at both ends, linear, toothed on 
both sides, longitudinal. Lign. 40, Fig. 2. 

This genus is remarkable for the high polish, and often 
beautiful colors, with which it is adorned in its native 
Btate. Many of the species are quite common, and there- 
fore not so highly prized by collectors as the more rare. 
They are often set for snuff-boxes. 

10* 
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The inhabitant of this shell, it is said, has the power of 
quitting it, and of forming a new one, better fitted to his ' 
necessities or convenience. "The Cypraea live deeply 
buried in the sand, from whence, it is said, at the full 
moon, and during its increase, they leave their habitations, 
for the benefit of conchologists, and crawl forth in a state 
of nakedness, to expatiate on the rocks above, and to begin 
a new dwelling." This accounts for the great numbers 
and high state of preservation in which these shells are 
found. Naturalists, however, doubt the abihty of these 
animals to leave their shells. 

The name of this genus appears to be derived from that 
of the Cyprian goddess, on account of the great beauty of 
the species. 

LION. 41. 

Fig. 1. 





Bulla. Voluta. 



229. Genus Bulla. — Shell univalve, convolute, imarmed; 
aperture sub-coarctate, or a little contracted, oblong, lon- 
gitudinal, entire at the base. Lign. 41, Fig. 1. 

The shell of this genus is inclosed in a mantle, or fold 
of the animal, instead of forming an exterior shield, as in 
most cases. Some of them are river shells, but they mostly 
live in the sea, buried a few inches in the mud. 

The name Bulla, a bubble, is descriptive of the swelled 
or puffed form of the shells of most species. 

230. Genus Voluta. — Shell univalve, convolute, columel- 
la, or pillar-plaited, or screwed, the lower plaits being the 
largest ; it has neither lip nor umbilicus. Lign. 41, Fig, 2. 

These shells are easily discriminated by the plaited col- 
umella, and by which they are particularly distinguished 
from the genus Conus. The plaits are longitudinally in- 
clined, and not nearly horizontal, as in the genus Murex. 
The name of this genus is expressive of the form of the 
shell voluta, "rolled up cylindrically." This genus con- 
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tains manj shells, of considerable beauty, and, on the 
whole, is among the most elegant known. 

The recent species are numerous, besides which, manj 
fossil species are known. 

UGN. 42. 
Fig. 1. 
^ Pig. 2. 




StroxnbuB. 
Buccizium. 

231. Genus Buccinum. — Shell univalve, spiral, gibbous, 
or protuberant, aperture ovate, ending in a canal turned to 
the right, with a short beak; interior lip flattened. Lign. 
42, Fig. 1. 

The direction of the canal towards *the right, that is, 

from the exterior lip, is very characteristic of this genus. 

The name Buccinum, signifies a trumpet^ or horn, but is 

often misapplied, since many of the species are less Uke 

a horn than those belonging to other genera. 

This genus is divided into several families. The shells 
of some having little resemblance to each other in form; 
but a reference to the peculiarity of the beak will gener- 
ally distinguish this genus. Fossil and recent. 

232. Genus Strombus. — Shell univalve, spiral, expanded ; 
aperture having the lip unusually dilated, and ending in a 
canal, inclined towards the left, or from the pillar. Lign. 
'42, Fig. 2. 

One species of this genus is well known under the 
name of Conch-shell, the interior of which is of a beautiful 
pink color, and was formerly in fashion in ornamental 
jewelry. 

Some inembers of this genus might easily be mistaken 
for Murices, or Buccina; but the Strombihave a depres- 
sion, or sinus, on the dilated wing, which is separated 
from the groove at the base of the shell, next the pillar. 
Attention to this will lead to the distinction. It is both 
tecent and fossil. 
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•233. Genus Murex. — Shell univalve, spiral, often 
formed with longitudinal membraneous sutures ; and besot 
with spines ; aperture terminating in a canal, either straight 
or turned up backwards, and not inclining to the right 
or left. Lign, 43, Fig. 1. 



Wg. 1. 



LIGN. 43. 

Fig. 2. 





Mxxrex. 

Turbo. 

The very peculiar form of the aperture or canal, is a 
very distinctive feature in this genus. This is oblong- 
oval, or perfectly oval, and does not gradually contract 
into a canal, like the Strombi and Buccina, but suddenly 
opens into it at the same, or nearly the same width, whicn 
it retains through Jhe whole length of the beak. 

The famous Tyrian purple was extracted from an ani- 
mal inhabiting one species of this genus. A single vein 
near the head contains the coloring liquor; but the art of 
dyeing, in latter times, has disclosed more beautiful and 
much less costly colors than this produces. 

The name Murex, means rough, or rock-like, a designa- 
tion which fails to apply in many of these species. It is 
both recent and fossil. 

234. Genus Turbo. — Shell univalve, spiral; aperture 
contracted, round and entire. Lign. 43, Fig. 2. 

One of the best distinctions of this genus, is the round 
aperture. The shells often closely resemble those of the 
Trochus genus ; but, in these, the aperture is angular, often 
the only mark of distinction between the two genera. 

The Turbo might at first be mistaken for the spire of 
another shell, but its unbroken base and round aperture 
will generally distinguish the genus. The name Turbo, 
means any thing which whirls around, as a top, in refer- 
ence to the spiral form of the genus. It is both recent 
and fossil. 

235. Genus Conus. — Shell univalve and turbinate. 
Aperture effuse, longitudinal, linear, toothless, and entire 
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at the base. Columella smooth, base attenuated, some- 
tunes marked with oblique grooves. Aperture sometimes 
dilated; whorls, mostly flat, often channeled, rarely 
crowned. Lign, 44, Fig, 1. 



LIGN. 44 

Fig. 1. 




Fig. 2. 
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Conus. Trochns. 

236. The great beauty of this genus, both in form and 
coloring, renders it highly interesting and valuable to the 
lovers 3f the science. The rare species are sought after 
with avidity by shell collectors, and the most beautiful 
kinds often sell for considerable sums. The Conus gloria 
maris, and the Conus cedonulli, sometimes bring from 
twenty to twenty-five guineas for single shells. 

The name Conus, a cone, refers to the shape of the 
genus. 

237. Genus Trochus. — A spiral, sub-conical univalve; 
aperture four-sided, ^nd somewhat angular, having the 
upper part of the margin converging towards the pillar, 
which is oblique. Lign. 44, Fig. 2. 

In some species, the aperture tends to an oval form ; but 
these are distinguished from the Turbines, by a tooth-like 
projection. It must, however, be confessed, that there is 
much difficulty in distinguishing some specimens of these 
two genera from each other. In general the Trochi have 
the form of a pointed cone, capable of standing nearly 
erect on their bases. The word Trochus, has a similar 
meaning to Turbo ; the common name is top-shell, or but- 
ton-shell, the shape being similar to that of a common 
spinning-top or an ancient conical button. 

238. Genus Helix. — Shell imivalve, spiral, translucent, 
brittle ; aperture coarctate or contracted, lunate or circu- 
lar, having the segment of another circle taken from the 
whole area, Lign. 45, Fig. 1. The common land snail is 
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a good example of this genus. — The whorls are contigit 
ous, and the body of the shell always forms a limate pro- 
jection into the aperture, and this character will distin* 
guish the Helices from the Trochi and Turbines. Another 
mark of the genus is tenuity, or thinness and translucency. 
239 Genus Nerita. — Shell univalve, spiral ; gibbous, flat 
underneath, aperture semi-orbicular, or semi-lunar, having 
uniformly the pillar lip, or columella straight. Lign. 45, 
Fig. 2. 



LIGN. 45. 

Fiff. I. 




Fig. 2L 




Nerita. 
Helix. 

The Nerita is a genus well characterized, and therefoM 
easily distinguished, the straight pillar lip being a imiform 
mark, which at once separates them from the Hehcei, 
which their forms most resemble. Nothing can exceed 
the beauty and delicacy with which some of these shells 
are marked, or the rich tints of color with which others 
are stained. It is both recent and fqgsil. 



CHAPTER XX. 

FOSSIL CONCHOLOGY. 



•/440. (The terms Testacea and Mollusca are often used, 
so as to appear only as two words signif3dng the same 
thing ; and then again the student is perplexed to find 
them apparently meaning different orders, or classes. 
The explanation is, that the two words mean different 
parts of the same object, the one having reference to the 
shell, and the other to the animal it contains. Thus, 
mollusca. is from mollis^ soft, meaning the animal ; and tes- 
tacea from testa^ shell, meaning the hard covering. It will 
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be seen therefore that an oyster, is a molluscous animal, 
with a testaceous covering, though by many writers the 
terms are used indiflferently to mean the same thing.) 
• With the exception of the Infusoria, the class of organic 
lemcdns, to which our attention is now to be directed, is 
the most widely difRised, the most various in character 
and appearance, and the most nimierous, which geological 
inquiry has brought to light. 

From the permanent nature of these remains, and the 
immense nimibers in which they are found, in all fossil- 
iferous strata, the testacea are of great importance to the 
geologist. We have seen indeed (125) that the Tertiary 
formation has been divided into periods m proportion to the 
quantities of shells its various strata contain. 

241. Explanations. — Having already given an arrange- 
ment of Fossil Remains, (178,) it is only necessary here 
to explain a few terms, which are more particularly ap- 
phcable to the animals which once inhabited the objects 
of our investigation. 

242. AcEPHALA, without head. — Because they have 
neither jaws, tongue, or distinct mouth. They are all 
aquatic, as the oyster^ and are divided according to the 
DMKiifications of their coverings. 

243. BRAcmopoDA, arm-footed. — So called because they 
have fleshy brachia, or arms, which are attached in the 
usual place of feet or legs. They are inclosed in bivalve 
shells, and have not the power of loco-motion, bemg fixed 
to the bottom of the sea, as the Tercbratula. 

244. Encepiialous, with a head. — These possess a head, 
eyes, mouth, jaws and teeth, with tentacula, or feelers. 
They are free animals, and can crawl or swim ; some being 
terrestrial, and others marine. Their shells are imivales, 
as the snail and limpet. 

245. PxEPtOPODA, wing-footed. — So called, because their 
organs of loco-motion are two wing-like muscular expan- 
sions, proceeding from the sides of the neck. With these 
they swim, and rise or sink. The Clio is an example. 

246. Gasteropoda, stomach-footed. — These crawl by 
means of a muscular projection, or foot, which comes from 
the under part of the body. The snail., slug and limpet^ 
are of this sort. Most of them are of marine origin. 

247. Cephalopoda, head-footed. — They have powerful 
muscular arms, or tentacula, around the head, by which 
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their motions are effected, as the Nautilus and Cuttle-fish. 
The latter is the only mollusk in which the hard paits are 
internal. 

Number of the Te.stacra. — The number of living species 
of these animals, known and named, are estimated hj 
naturalists at somethinir more than six thousand, and 
almost every day is adding new species ; for hardly a 
vessel arrivps from distant seas without bringing some new 
shell to enrich the cabinet of the conchologist. In this 
country the whale ships are the most successful importera 
of foreign specimens, and many of the sailors are good 
judges of the value of a rare shell. 

FOSSIL BIVALV£ SHELLS. 

248. Terebratula. — From terebro, to bore, in allusion 
to the j:)erforated beak ('2 15) through which passes a 
bj'ssus. or stem, hy which the animal is fixed at the bot- 
tom of the sea. It is a bivalve shell of the brachiopodous 
order, ('243.) of which a few species onlj' exist. Of fossil 
species, about five hundred are known, nearly all of 
which are found in British strata. The most interesting 
circumstance relating to these mollusca, is the respiraioiy 
apparatus, which consists of two long ciliated tubes, spi- 
rally coiled, united at the base, and supported by slender 
calcareous processes, which are often preser\'ed in the 
fossils. 

LIGN. 46. 

Pig. 1. 





T. cctophca' .1. T. subrotunda. 

Lign. 40, represents two species. Fig. 1, T. octoplicata 
and Fig. 2, T. subrotunda. In both, the perforation of the 
beak is apparent. 



rilEBIL mVALI'E SHELLS. I2I 

249. Spirtfebji, containing spiral processes. — Among the 
I reat variety of fossil shells found, the spirifera have pe- 
cuhar interest, on account of their calcareous processes, 
which in the living state supported the ciliated bTanchia, 
or hair-Uke gills, by which respiration was effected. 

In many specimens this part is preserved, Lign. 47, 
Fig. 1 , shows one of the spires, by the removal of a part of 
the upper valve. It is an internal apparatus, as seen, but 
the animal had the power of unwinding and protruding it 
beyond the spiral shell. The two then served, not only 
for breathing, but also as arms for seizing its prey. It la 
found in the Silurian and Devonian formations io great 
abundance. Three other fossil genera are known of thta 
family and a great number of species. 




350. OsTREA. — The oyster is well known in most parts 
of the world as a luxurious article of food. It has no 
organs of loco-motion, and either fixes itself to some hard 
body, -"'r lies still in the mud. There are several recent, 
and fifty or more, fossil species of this genus. The lower 
sands and clays of the London basin are underlaid with a 
bed of these shells, so that when the strata around that 
city is perforated to a sufficient depth in search of water, 
this bed is always pierced. This was the case lately in 
boring an Artesian well, the shells being found at the 
depth of two hundred and eighty feel. These shells 
closely resemble the edible species of the present day. 
The oyster family is distinguished by having one shell 
deeper than the other, and by having only one muscular 
impression. 

251. Trigonia, three-angled. — The form of the shell ex- 
11 
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plains itn name. These shells are thick and heKrj. 
Tne nght valve has two large oblong teeth, which fr 
verge from the umbo, and are strongly furrowed, and fit 
into two corresponding grooved cavities in the opposite, a 
left valve. A single living species is known to inhabit 
the sea of New Holland, The fossil species are vsiy 
abundant in the Ponamouth oolite. Lign. 47, Fig. 2, 
represents one species, the Trigonia eosttUa, or nobed 
Trigonia. 

252. Teredo, Ship-worm. — It is an encephalous mol- 
luak, one species of which, the Teredo navalis, commiu 
very entensive injuries on ships, bridges, and other woi^ 
of timber, exposed to their attacks. It ia the most vermi- 
form, or wonn-like, of all the moUusca, and forms a tor- 
tuous cylindrical perforation in the wood, sometmie* 
piercing through the planka of a ship, so as to endanger 
her safety, and perhaps complete her ruin ; hence the ne- 
cessity of sheathing with copper. The Teredo has a 
mouth, furnished with testaceous valves or teeth, by which 
it bores its way into the wood, secreting at the same time 
calcareous matter with which it lines ils passage. The 
fossil species differ from the recent, only in the form of the 
valves, or teeth. They are found iu petrified wood in 
abundance. Lign. 48, shows a piece of wood literally 
full of these destroyers. Specimens in which the woc^ 
is petrified, and the cavities of the tubes filled with calca- 
reous spar of various colors, furnish beautiful specimeui 
when cut and pohshed. 




Dr. Mantell says, that " when the canal in Regent'i 
park was being formed, large blocks of perforated calca- 
idoua wood were discovered, having the ligneous structure 



TOiI preserved, and the tubes of the Teredinen occupied by 
vbUow, gray, and brown spar, foiming specimens of great 
beauty wid interest." 



253. The animala of the univalves are more highly or- 
ganized than those of the bivalves. They are encephaloas, 
(284,) and have nearly all of them the power of loco- 
motion ; while the acephalous bivalves, with few excep- 
tions, as in the unio, or fresh-water clam, do not move from 
ibeir places. Theybelonglo the g-oKeroporfa, or stomach- 
footed family, and inhabit severally the sea, rivers, and the 
land. The periiDiitkle, the river-snail and the comTnoa- 
mmi, are well-known representatives of each of these tribes. 




Fossil Gasteropoda. 

Their shells are spiral, and with a few exceptions turn 
from left to right, the aperture, when the shell is placed on 
the base, being dextral to the observer, as in Ligit. 49, 
Figs. 1, 2, 3. ma few species, the spire turns in the oppo- 
site direction, and the mouth is on the left, as in Fig. 4. 
The shells here represented, I.ign. 49, &!« F^. \, Polur 
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dtna fiuviorum. 2, Limnea longiscata. 3, CeritMum kund* 
um ; and 4, Fusus contrarius. The Paludina and Lim- 
nea, are common fresh-water shells, inhabiting rivers and 
lakes. The Cerithium and Fusus are marine. Extinct 
species of all these genera are found abundantly in various 
Tertiary formations. 

254. Geographical Distribution of Bivalves and Um' 
valves. — " If the more rare and splendid organic remains 
may be regarded as the ' Medals of Creation,^ says Dr. 
Mantell, the fossil testaceous mollusca, from their dura- 
bility, numbers, and variety, may be considered as the ciw- 
rent coin of geology. Occurring in the most ancient fos- 
siliferous strata in small numbers and of peculiar types ; 
becoming more abundant, and varied in the secondary 
formations ; and increasing prodigiously, both numerically 
and specifically, in the tertiary, these relics are of inesti- 
mable value in the identification of a stratum in distant 
regions, and in the determination of the relative age of a 
series of deposits." M. C. 437. 

255. Fossil Cephalopoda. — These head-footed animals 
have formed some of the most ancient and interesting 
among fossil remains. Most of the species are extinct, 
but a few are known at the present day, among which 
are the Septa, or cuttle-fish, and the Nautilus. The living 
are, however, but a feeble representation of the countless 
myraids which swarmed in the ancient seas. These 
mollusca are composed of a body, which is either inclosed 
in a shell, as in the Nautilus, or contains in the interior, 
a solid calcareous or cartilagenous support, as in the cuttle- 
fish. The latter has a distinct head, with mouth, eyes, 
and organs of hearing. The head is surrounded by sev- 
eral arms, or tentacula, with which they adhere to rocks, 
it is said by suction, and with which they seize their prey. 
But the most curious and singular part of their fabrication 
is the apparatus by which they are enabled to move them- 
selves through the water. This is a tube, situated below 
the head, by which the animal propels itself backwards, 
by the forcible ejection of the water that has served the 
purpose of respiration. Thus, the act of respiration 
serves this singular aquatic, instead of organs of loco- 
motion. Its forward motion is effected by means of its 
tentacula. 

The cuttle-fish is supported by a kind of skeleton, con- 
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sisting of a single bone of singular structure, which, when 
dried and reduced to powder, is the substance called pounce^ 
and is used bj writers to keep the ink from spreading. 
This extraordinary animal has the power of secreting a 
dark-colored fluid or ink, which it ejects wlien pursued, 
and by thus rendering the water turbid, escapes from its 
enemies. This fluid is contained in a bag, which forms, 
when prepared, the sepia color used by painters. It is also 
said to enter into the composition of India-ink^ 

256. Belemotte, a dart^ from the supposed resemblance 
of this fossil, to the head of a javelin, or dart. Among 
the immense variety of organic remains found in the earth, 
none have excited more curiosity, or given rise to more 
conjectures than the Belemnites. They occur in the 
shape of long fuciform stones, of a cylindrical shape, 
pointed at one extremity, and having at the larger end a 
conical cavity, which is either occupied by a chambered 
shell, or is filled by the petrifying substance. Some of 
them are translucent, but more commonly they are opake. 
Their structure is radiated, with a minute central cavity, 
extending their whole length. The different species vary 
in size, from the thickness of a quill, to several inches in 
circumference, and twelve inches in length. 

These remarkable fossils, known to the people by the 
name of " Thunder-stones," are found to have been the 
interior support of ancient species of Cuttle-fish ; the soft 
parts having decayed, this portion only was preserved by 
petrifaction. The conical cavity at the large end ex- 
panded into a thin horny receptacle, which contained the 
ink bag ; and it is a singular fact, that the inspissated ink 
has been found in many cases in the bag, and as a matter 
of curiosity has been prepared, and recently used as a 
pigment. 

The form of the supposed animal, being nearly that of 
the Sepia of the present time, is represented in Lign. 50. 
Fig, 1, a front view of the animal ; a, the Belemnite, at- 
tached to the ink bag, b] Figs. 2, 3, 4 and 5 are Belemnites 
of different species ; the figure below 2, shows the form of 
the aperture at the upper end ; Fig. 5, is a longitudinal 
section, showing the cavity, and below its size and form ; 
Fig. 6, a side view of Fig. 1. ^ 

11* 




The well-known shell of the pearly Nautilus needs 
no description. It is what naturalisia technically caH 
a chamhered shell ; being internally divided into com- 
partments, growing smaller as the spire diminishes. 
These partitions are pierced by a tube, called a siphvneulut, 
which extends to the remotes', cell. On sawing the shell 
longitudinally through the middle, the tube, partitions, 
and cells are displayed, affording to the sight a beautiful 
and interesting piece of mechanism, evidently constructed 
with some design, not easily comprehended. The animals 
which constructed these complicated shells, were unknown 
to naturalists until recently ; for allhougli the shells them- 
selves probably have, from the earliest times, been common, 
yet the builders, it appears, have, except in a very few in- 
Blancea, escaped, notwithstanding the great anxiety to 
capture them. The writer, several years since, requested 
a scientific lieutenant in the American navy, who ei- 
pected to spend a year or two on the ocean, and in hot 
c.linnates, to procure a specimen of the Nautilus, and pre- 
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serve it in spirits for his inspection ; but although the 
YOjage was performed, the Nautilus, notwithstanding 
thousands were seen, was not procured, every attempt being 
without success. We also remember the statement of the 
celebrated French traveler Valliant, that when neai the 
Cape of Good Hope, many of these httle animals were 
seen saiUng before the wind ; yet the sailors of his ship, 
though every exertion was made, never could capture one. 
They would always sink before a net could be put under 
them. 

Dr. Buckland states that the recent publication of Prof 
Owen, of London, on the Pearly Nautilus, (1832,) affords 
the first scientific description ever given of the animal, by 
which this long well-known shell was constructed. The 
reason seems to be, that the nautilus never approaches 
near the shore ; the instant it stops breathing, it sinks to 
the bottom ; and having only a slight attachment to its 
shell, and living only in hot climates, the shell and animal 
soon separate — the one to drift ashore, and the other to 
decompose at the bottom of the ocean. 

Prof. Owen's memoir has shown, that the animals 
which constructed the fossil Nautili, as well as those 
now existing, were nearly allied to the common Cuttle- 
fish ; the principal difference appearing to be, that while 
the organs of the latter secrete an internal testaceous 
support, the instinct of the nautilus constructs a beautiful 
habitation, in which it can rise, sink, swim, or sail at 
pleasure. 

Means of rising and sinking. — The means by which the 
nautilus so readily rises to the surface, and, on alarm, sinks 
like a stone — and this without fins — ^has been a problem 
among naturalists ; and several theories have been offered 
to account for the fact. But since the anatomy of the 
animal has been better imderstood, the secret has been 
explained. It appears now that the chambers are filled 
with air, instead of water, as was supposed ; and that the 
animal has the power of secreting a considerable quantity 
of fluid, which is retained within the shell by an expanded 
membrane; and that the sinking is in consequence of 
changing the place of this fluid, by forcing it m the air- 
cells, and at the same instant withdrawing the tentacula 
into the shell, thus making a compact mass of the whole. 
By this exchange, it will be observed that the bulk of the 
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air is diminished by condensation, exactly on the principlQ 
that the httle images descend to the bottom of the glass 
jar, when the India-rubber is pressed which is stretched 
across its mouth. In this philosophical toy, the images 
are tubes of glass, the upper parts of which contam air, 
and the lower water, so as just to balance them in the 
fluid. Now, when this air is condensed, by pressing the 
water higher in the tube, the image begins instantly to 
sink ; but begins to rise again when it expands by remov- 
ing the pressure. Thus, the nautilus, having descended 
by forcing the fluid into the air-cells, through the siphun- 
cle or tube, (which communicates from one cell to the 
other, through the series.) rises again by allowing the 
fluid to return to its sack, and the air to expand : a won- 
derful provision, it is true, but completely solves the mya- 
tery so long an enigma with respect to the motions of this 
celebrated animal. The sailing of the nautilus, which it 
can only do before the wind, is performed by expanding 
its membraneous tentacula, which at other times are em- 
ployed in seizing and conveying its food to the mouth.— 
Bd. p. 232—252. 

257. Fossil Nautill — The British strata alone contain 
about sixty species of the Nautilus. I'hese are foimd in 
the Tertiary, Carboniferous, and Cretaceous formations. 
The shells all possess the general characters of the recent 
species, above described, though often diflfering greatly in 
external form. 

258. Ammonites. — So called, from their supposed resem- 
blance to the horns engraven on the heads of Jupiter Am- 
mon. The shell is compressed, with the whorls of the 
spire contiguous and visible ; septa or partition lobed, with 
a sinuated margin ; border of the lip thickened, often notch- 
ed and auriculated ; siphon or aperture near the back of 
the shell. 

These arc among the most common and abundant fos- 
sils of British secondary strata. They appear to have 
been known under the name of snake-stones^ from vciry 
early times ; and there are still local traditions among the 
people of England, ascribing their origin to swarms of 
snakes, turned into stones by the prayers of some patron 
saint. The Lias in Yorkshire contains vast numbers of 
these remains, of several species. The species known in 
that country amount to about two hundred, being common 
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in all the secondary formations, but nre rarely found in the 
tertiary. Mr. Manlell stales, (M. C. p, 493,) that they 
Tary in size, from half an inch lo four feet in diatneter. 

This animal, like that of the nautilus, occupied the outer 
chamber of the shell, which, however, extended to a com- 
paratively greater depth than in the shell of the naiitilus. 
No repreaentative of this family hns been found in the 
recent state. They were of marine origin, and vary greatly 
in form, some being of an elegant figure, and beautifully 
ornamented ; their outlines being a gentle curve, the folds 
not being contiguous, as in most of the species. One of 
these, Lign. 51, Fig. 1, called Crioceras, or curved horn, 
is among the most graceful of this family. The more 
. common form, with the spire involuted, and the turns con- 
tiguous, is represented by Fig. 2. Nearly all the Ammon- 
ites are casts, and therefore represent the inner forms and 
markings of the shells, the shells themselves having dis- 
appeared. 




259. TmLOBnn, (Ires, thrte, and lobus, a lobe.] — An 
order of Crustaceans, embracing those remarkable fossils 
in which the body is divided into three lobes by two fis- 
sures, running through the length. Ihese, originally 
called Dudley insects, {from theit being found in great 
numbers in the town of Dudley, in Staffordshire, England,) 
have been objects of great interest to the naturalist for 
mote than one hundred and fifty years. LinnBus placed 
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then) among the insecls ; bul later observations have shown 
that they are among the extinct cnistaceoua molluslu. 
I'he most common examples consist of a convex oblong 
body, divided transversely into three principal parte, and 
longitudinally into three lobes. They had a distinct head, 
with eyes, but no antennee ; no signs of feet or legs ba^o 
been discovered, and it is therefore supposed that thete 
were soft or membraneous, and decayed before petrifaction 
was effected. 

These fossils are very abundant in the Silurian and 
other formations in England, They are also found in 
profusion in similar formations in various parts of thi> 
country, and particularly at Trenton falls, New-York. 

This numerous family has been divided into many gen- 
era, though few of their names have any reference to theii 
natural characters, but only to the obscurity which still 
seema to invest the whole order, Thtis, Asaphus, obaeitre, 
Calymene, concealed, Agnostus, tminoirn, and several oth- 
ers, of similar import, are examples, 

260. Calymene Dlumcnbaclm, Lign. 'Si, Fig. 1, — This is 
one of the common species. It is deeply trilobed, and has 
fourteen transverse segments. It varies from one to foui^ 



teen inches in length. Fig. 2, the same coiled up, like & 



■nillepede, and seen in profile. 




261. IsoTELTis, Equal extremities. — In this species, ths 
oody is of an oval shape, and the posterior angles of the 
head are rounded ; the thorax is composed of eight seg- 
ments. Some American species, belonging to this genua, 
are of enormous size. The Isotelus gigas, discovered by 
Dr. Dekay, of New- York, measured eighteen inches in 
length. But Dr, Locke describes and figures one, in hii 
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report on the Geology of Ohio, of still more gigantic size, 
being twenty-one inches in length : this he very properly 
calls the Isotelus maonmus. These are much the largest 
specimens ever discovered. In Great Britain, it is rare to 
find any of the tribe more than five or six inches in length. 

FOSSIL INSECTS AND SPIDERS. 

262. The Insects have a head, compound eyes, and 
jointed antennae. The wings of those which fly, are at- 
tached to the middle and third segments of the thorax. 
The legs are articulated, or jointed, and contain the mus- 
cles on the inside of a crustaceous covering. The genera 
are founded on the structure, and configuration of the an- 
tennae and wmgs. The latter consist of thin membrane- 
ous expansions, supported by hollow tubes, called nervures; 
and, in some orders, consist of one pair, as in the butterfly, 
and in others two, as in the dragon-fly. In burrowing 
insects, as the beetle and horn-bug, the front pair of wings 
is formed of a hard case, called elytra^ which covers the 
membraneous, or flying wings, when the insect is at rest 

The wings being the foundations of the orders, the divi- 
sions are the following: 1. Coleoptera, (sheathed wings,) 
as the beetle, and other flying msects, generally called 
bugs. 2. Neuroptera, (nerved wings,) as the Libellula^ or 
dragon-fly : these have two pair of membraneous wings. 
3. Hymenoptera, (membraneous wings,) as in the bee : the 
wings are veined, but have no reticulated nerves. 4. Le- 
pidoptera, (scaly- winged,) as in the butterfly, the dust of 
whose wings are Uttle scales, regularly disposed. 5. Dip- 
tera, (two- winged,) as in the house-fly: behind the wings 
are appendages for balancing the insect. 

The remains of insects found as fossils are not common, 
though the elytra being the most enduring part, might 
be supposed at least as indestructible as many remains 
found in a perfect state. And yet any part of an insect is 
rarely found ; and, on this account, these to the geologist 
are the most precious and interesting relics of a former 
world. 

Dr. Buckland, however, in the Bridgewater Treatise, has 
described and figured a few specimens of scorpions, spiders, 
and other insects. But these are in so mutilated a state 
as to make it difficult to decide their place of arrangement. 
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Tne iletached wings of various species of the Neuropteia 
have also occasionally been discovered ; and Dr. Manteii 
has figured a single specimen of the dragon-fly, in a e^ood 
state of preservation, with the exception of the loss of 0D9 
of the four wings. 



CHAPTER XXL 



FOSSIL ICHTnYOLOGY. 



263. Ichthyology, signifies a discourse on fishes. The 
whole structure of a fish is as well adapted for swimming 
as is that of a bird for flying. Being suspended in a fluid 
of nearly the same specific gravity with itself, it needs do 
expanded organs for its support. Many species have the 
air-bladder so organized and developed, as, by its contrac- 
tions and dilatations, to vaiy the specific gravity of the 
fish, and thus to enable it to sink to the bottom, or rise to 
the surface, without the help of the fins. 

The animals we have heretofore examined are called 
by naturalists invertehrated^ that is, without back-bonee. 
Those we are now to describe are vertebrated, so called 
from vertebr(B^ which means to turn^ as the spinal column 
in all animals has motion in every directioa Of verte- 
brated animals, the fishes are among the lowest orders. 
Instead of lungs, they respire by means of branchi£, or 
gills, and their loco-motion is performed by fins, instead 
of feet. 

The living species of fish known to natrntilists are esti- 
mated at about eight thousand ; and those in the fossil 
state, according to M. Agassiz, most of which have been 
determined by himself, at present amount to about fifteen 
hundred ; while several hundreds still remain undetermmed. 

" The fossil remains of the fishes," says Dr. Mantell, 
" rank in the first class of the ' Medals of Creation,^ for 
they demonstrate the existence of numerous tribes of highly 
organized beings in the most ancient fossihferous strata, 
and the continuance of the same type of organization, 

What does Ichthyology mean ? What is said of the structure of dshetf 
Why are fishes called vertebrated animals ? How do fish respire ? What 
number of living species are there ? What number of fioMsil f • 
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fariouslj' modified, through the eniire series of subsequent 
deposits to the present time. Each geological formation 
contains peculiar groups of fossil fishes, distinguished by 
distinct modiiications of siructure. Thus, according Co 
the data at present obtained, all osseous (bony) lishes an- 
terior to the chalk formation, belong lo genera which have 
no representatives among exiaiing species ; and they aro 
characterized by rhomboidal scales, covered with enamel." 
M. C. p. 591. 

Sedimentary strata, composed of mud and fine sand, of 
whatever age, have been most favorable to the preserva- 
tion of the entire forms of fishes. In "such strata of the 
tertiary system, and in the chalk of England, are same- 
times found fishes quite perfect in form; and not only in- 
dividuals, but groups, with the scales, fins, head, teeth, and 
even the capsules of the eyes, in their natural position. A 
■mall slab from Aix, in Provence, Lign. 53, is an example. 




The fishes are of diminutive size, and of a family un- 
known at the present day; the, name, Lebias cepkalotes, o. 
Agassiz. In the orders of this grand division of the ver- 
tetrata, M, Agassiz, of Switzerland, the author of a 
great work on the fossil fishes, has been guided by the 
peculiar structure of the scales, and it is obvious that thi» 
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method is quite simple and easy for the learner, since it 
requires no examination of the bones, or other parts of the 
structure. In most instances, the scales and bones are 
the only parts remaining, of this class of fossils. The fo • 
lowing is his division: 



LKiN 54. 



Fig. 1. 



Fig. 2. 





Placoid. 



Ganoid. 



264. Order 1. Placou), {a broad plate.) — The skin ii 
covered irregularly with enameled plates, sometimes of a 
large size, but frequently in small points, as in the skin of 
the shark, called shagreen, and in those of the dog-fish and 
ray. Lign. 54, Fig. 1. 

Order II. Ganoid, (splendid,) from the brilliant surface of 
the enamel. — The scales are of an angular form, and com- 
posed of plates of horn or bone, covered with enamel. 
Their structure is identical with that of the teeth. The 
sturgeon is an example. Fig. 2. This order contains more 
than sixty genera, of which fifty are extinct. 



LION. 55. 



Fig. 1. 



Fig. 2. 





Ctenoid. 



Cycloid. 



Order III. CxENoro, (comb-like.) — The scales are formed 
of plates which are pectinated, or toothed on their poste- 
rior margins. As the plates are superimposed on each 

How has Agassiz divided the fossil fishes? What are the names of ta« 
orders, and their meaning ? Give examples ot' ea^h order. 
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Other, so that the lowermost always extendi beyond the 
uppermost, their numerous and sharp points render these 
scales very hard to the touch. The perch belongs to this 
order. Lign. 55, Fig. 1. 

Order IV. Cycloid, (a circle.) — The scales are com- 
posed of simple round or oval plates of bone, or horn, with- 
out enamel, and with smooth borders; but their surfaces 
are often ornamented with figures or markings. To this 
order belong the mullet^ salmon and carp. Fig. 2. 

265. Advantages of the above system. — The system upon 
which M. Agassiz has estabhshed his classification of 
recent fishes, is, in a peculiar degree, applicable to fossil 
fishes, being founded, as above shown, on the charac- 
ters of the external coverings or scales. This character 
is so sure and constant, that the preservation of a single 
scale will often announce the genus, and even the spe- 
cies of the animal from which it was derived, just as a 
single leaf, as we have already seen, determines to which 
of the great Botanical classes the tree belonged. (95. ) 

A further advantage, says Dr. Buckland, arises from the 
fact, that the enameled scales of most fishes, which ex- 
isted during the earlier geological epochs, rendered them 
much l§ss destructible than their internal skeletons ; and 
cases frequently occur, where the entire scales and fig- 
ures of the fish are perfectly preserved, while the bones, 
within these scales, have altogether disappeared ; the en- 
amel of the scales being less destructible than the more 
calcareous material of the bone. Bd. p. 205. 

It appears that the character of fossil fishes does not 
change insensibly^ from one formation to another, as in 
the case of the zoophytes and testacea; nor do the same 
genera, or even the same families, pervade successive series 
of great formations ; but their changes take place abruptly^ 
at Certain definite points in the vertical succession of the 
strata, like the sudden changes that occur in fossil reptiles 
and mammalia. 

266. Fins of Fishes. — These are named according to 
the situations they occupy on the fish. The pectoral^ are 
those on each side of the chest ; the dorsal^ those of the 
back; the ventral^ those of the under parts; and the cau- 
dal, that of the tail. In the fossil state, the fins are often 



What are the advantages of this system ? What analogy is there be 
'oen the scale of a fish and the leaf of a tree, in leading to results'' 
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beautifully preserved; even the soft rays in many of the 
teitiary marls, and in the chalk, are found entire and 
attached to the body in their natural situations. 

TEETH OF FISHES. 

267. Of all the durable parts of animal remains, the 
teeth of fishes present by far the most numerous and strik- 
ing modifications of form, structure, composition, mode erf 
arrangement and attachment ; and yet their dental organs, 
separately considered, do not in many instances, either in 
their structure or mode of implantation, afford characters 
by which the natural affinities of the original can be 
ascertained; and without the aid of other parts of the 
skeleton, it is often impossible to determine whether an 
unknown form of tooth belonged to an animal of the class 
of fishes or reptiles. M. C. 509. 

Mode of attachment. — The mode of arrangement, as well 
as of attachment, in the teeth of fossil fishes, is much 
diversified. In some, all the dental organs are of one kind 
and form, and are disposed in four rows, one on each side 
of the jaws ; but in a large proportion of fishes, there are 
several species of teeth, which are implanted, not only in 
the jaws, properly so called, but on the bones which form 
the cavity of the mouth, on the arches of the palate, and 
on the tongue. 

The •teeth are composed of a dense bony material, 
termed dentine, which, in many species, forms on the ex- 
ternal surface of the tooth, a cover of a firmer texture than 
the interior, and which has a glossy outside Hke enamel. 

268. Form of the teeth of sharks. — Of all the teeth found 
in the fossil state, those of the shark are the most conmion 
and numerous. They not only occur in great numbers, 
but in numerous forms, indicating a great variety of spe- 
cies. In this familj'", the osseous bases of the teeth are 
attached, by a ligamentous substance, to the cartilaginous 
jaws; the teeth of these fishes are, therefore, generally 
found detached in the fossil state, owing to the decompo- 
sition of this substance. 

Although the modifications of form are not easily enu- 
merated, they are referable to four principal types ; namely, 
the conical, the flattened, the prismatic, and the cylindri- 

What is said of the number and durability of the teeth of fishes ? What 
is said of sharks* teeth in particular ? 
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cal The sharks belong to the Placoid order, their scales 
ocmsisting of enameled plates and tubercles, the latter 
forming the well-known shagreen. There are a few rep- 
resentatives of the fossil species, one of which, found on 
the coast of New Holland, is called the Port- Jackson 
shark, which has sixty teeth in each jaw. These present 
a most formidable array of instruments, for holding, cut- 
ting, and grinding the prey of this monster of the deep. 

LION. 56. 




Fossil sharks' teeth. 

We have represented a few forms of fossil sharks' teeth, 
in Lign. 56. Figs. 1 and 2, are the crushing teeth of the 
genus Hybodus, of the natural size. Fig. 3, one of the 
cutting teeth of the genus Carcharias. It is finely serrated, 
and presents a formidable instrument enough, when it is 
considered with what force the owner had the power of 
pressing, perhaps, a hundred of such lancets into the flesh 
of its hapless victim. 

The White Shark^ now chiefly found in hot climates, 
has teeth of a similar construction, and is supposed to be 
an example of this family. Some of these are said to be 
forty feet in length, having jaws and teeth in proportion. 
But even these were greatly exceeded in size by some fos- 
sil species, whose teeth, found at the island of Malta, are 
said to be six inches in length. Fig. 4 and Fig. 5, cutting- 
teeth of the same family, natural size. 

To what order do the sharks belong? What are the characters of this 
order? 

12* 



These, and & great Tarietj of othen, of similar chah 
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269. PTEBicHTHTH,(unng-eii^A,) — This is a restored spe~ 
cimen, formed of many detached pieces, but none being 

admitted which did not clearly belong to this eingular fish. 
The upper surface, or back, is represented by Lign. 57. 
The head and anterior part of the body, are covered with 
large scutcheons, or bony plates, of angular forms, and 
fitted nicely to each other. The eyes are small, and on 
each side of the head is a process of considerable length, 
moving in all directions, and which appears to have been 
a weapon of defense, like the horns of the common bull- 
head, {Coiius gobio.) In some specimens, these are ex- 
tended at right angles with the body. The tail ia of an 
angular form, nearly as long as the body, tapering to a 
point, and without a fin. This is supposed to have been 
the chief organ of locomotion. 

The British species of this curious creature, of which 
aix or eight are known, are less than a foot in length; 
but some of the same family, found in Russia, are several 
feet long, 

270. SAURocEi'HAms, {lizard-htad.) — The teeth of this 
genua of extinct fishes, present a most formidable appea^ 
ance, resembling those of the lizard family, and hence the 
name. They have been found in the chalk of Sussex, Eng- 
land; and similiir examples occur in Missouri and New- 
Jersey, in this country. The specimen, Lign. 58, is a per* 

What it laid of the Winged-fisht 
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tion of the lower jaw, with one row of elongated, slight J y 
curved pointed teeth, the two anterior, or front ones, being 
much longer and larger than the others. The figure rep- 
resents the left branch of the jaw, and a fragment of the 
right, with the front tooth remaining. These fishes be- 
longed to the Cycloid order, having scales of a circular 
form. The teeth are generally of a dark color, have a 
glossy surface, and are very brittle, diflfering remarkably 
from the sharks' teeth, which are commonly white and 
firm. 

LIGN. 6a 



Lizard's head teeth. 

271. Geological Distribution of Fossil Fishes. — 
It is stated by M. Agassiz, the great investigator of this 
department of geology, that the Ichthyolites (fossil fishes) 
of the tertiary deposits approach most nearly in their char- 
acters to living genera, but that none of these ancient 
families, so far as is known, have any existing representa- 
tives. In some of the newer formations, where the teeth 
of sharks are found in such abundance, a few have been 
attributed to genera now living in hot climates, but none 
to recent species. It is believed that the only instance in 
which naturalists have claimed identity of species in fossil 
and existing fishes, is in reference to a little fish of the 
genus Mallotus, and species villosus, now living on the 
coast of Iceland; fossil specimens of which are found along 
the coast of that island, of apparently recent date, and 
probably now in the progress of formation. 

Did any of the fossil fishes belong to living species ? What is said of the 
teeth of sharks in this connection? What instance of identity in a recent 
and fossil species ? 
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In the chalk formations, numerous teeth of sharks, and 
nearly perfect specimens of the Cycloid, or fishes with 
round scales, are found. In the tertiary clays and sands, 
detached teeth of sharks are also obtained in a perfect 
state of preservation, and should be arranged on trays in 
the usual manner of small shells. 

272. Dr. Mantell cautions collectors who visit Monte 
Bolca, and other celebrated localities of fossil remains, 
against the frauds practiced by the quarry-men, as well 
as the professed dealers in fossils. Specimens, apparently 
perfect, are ingeniously constructed from fragments of va- 
rious examples. Thus, the head of one fish, the body of 
another, decorated with the fins of a third, and perhaps 
the tail of a fourth, all of different species, or perhaps gen- 
era, are dove-tailed together, colored and varnished, so as 
to deceive the common observer, and occasionally even 
the experienced collector. Sponging with cold water wfll 
often detect the imposition ; for the color, if artificial, will 
be removed, or rendered paler, while the same process will 
heighten the natural tints. M. C. p. 682. 



CHAPTER XXII. 

FOSSIL REPTILES. 



273. The animals comprehended in the class of Rep 
tiles, which occur in the fossil state, are the following, 
namely: 

I. THE CIIELONIANS, OR T O RTOISES. 

These have a heart with two auricles, the body sup- 
pjiteil by four feet, or paddles, and enveloped in two 
osseous shields, or bucklers, consisting generally of many 
plates of bone, or shelly as it is usually called. 

II. THE SAURIANS, OR LIZARDS. 

These have a heart with two auricles, the body being 
supported by fom feet, with the body and tail covered with 
scales. 



What are the characteristics of the Chelonians ? What of the Saurians ^ 
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III. THE OPHIDIANS, OR SERPENTS. 

These have a heart with two auricles ; perform loco- 
motion by means of movable scales, but are destitute of 
feet. 

IV. THE BATRACHIAN, OR FROG TRIBE. 

These have a heart with one auricle, the body naked, 
with rudimentary ribs, and four feet. 

Most of the Reptiles breathe by branchiae or gills, in 
their young state, and by lungs afterwards. A familiar 
example is the common frog, which begins life in the form 
of a dark, oval animal, with a tail, living under water, and 
called polywog. It afterwards loses its tail, acquires four 
legs, and has its gills replaced by lungs. All the Reptiles 
are cold-blooded animals, and most of them remain in the 
torpid state during a part of the year. 

274. Age of Reptiles. — Cuvier the founder of Palaeon- 
tology long since asserted that there was a period, when 
the lakes, rivers and seas of our planet swarmed with rep- 
tiles ; and that cold-blooded, oviparous quadrupeds, of ap- 
palling magnitude, were once the principal inhabitants of 
the dry land. 

Subsequent discoveries have served only to confirm this 
assertion, though, at the time it was made, it would have 
been considered mere romance, had it come from the pen 
of any less authority. The progress of discovery has dis- 
interred in the Lias, Oolite, and Chalk formations in va- 
rious parts of the earth, the remains of vast numbers of 
Reptiles of different species, some of them of enormous 
magnitude, and differing entirely from those now inhabit- 
ing the sea or land. At what period of time these ani- 
mals so mightily prevailed, geologists do not profess to 
know ; but the most ancient remains of this class were 
deposited before what is called the tertiary period ; since in 
the strata of these formations, occur the remains of Rep- 
tiles which approach to recent types, and which are in- 
termingled with the bones of mammiferous quadrupeds, 
some of which might claim relationship of those now in 
existence. 

275. Teeth op Refiiles. — Prof. Owen, states, " that in 

What are characteristics of the serpent and frog tribe ? What is said of 
the age of reptiles ? And why was it so called ? 
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no reptile does the base of the tooth terminate in more 
than one fang, and this is never branched. Any fossil, 
therefore, which exhibits a tooth implanted by two fan^s 
in a double-socket, must be mammiferous, since the sock- 
eted teeth of reptiles have but a single fang ; and the 
only fishes' teeth which approach such a tooth in form, 
are those with a bifurcate base, belonging to certain 
sharks." The collector who observes these facts may 
therefore decide with certainty, and at once, to which of 
these great classes his specimen belongs, and which in 
some cases might save him a deal of perplexity, and 
hours of time. 

In most reptiles the teeth are very numerous, some indi- 
viduals having more than two hundred. In certain genera 
they are implanted on the jaws only ; in others they oc- 
cupy the vault of the mouth, as in certain fishes. In some 
they are anchylosed, or joined by bone to the jaw; in 
others they are set in distinct sockets, as in the Crocodile 
and Plesiosaurus ; and in others still, as the Ichthyosaurus, 
they are arranged in a deep furrow, and retained only by 
the integuments. 

LIGN. 59. 
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Head of the Ichthyosaiuns. 

276. Ichthyosaurus, {fish4izard.) — The living Ichthy- 
osaurus must have resembled the Grampus or Porpoise, 
with the addition of four large flippers, or paddles, and a 
long tail, having also a vertical caudal-fin of moderate 
dimensions. The orbit of the eye is exceedingly large, 
sometimes fourteen inches in diameter, and the sclerotic 
coat, or capsule of the eye, has in front an*annular series 

How will you know the teeth of reptiles from those of the mammalia? 
What is said of the number of teeth in reptiles ? What does Ichthyosaunis 
mean? 
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of bonj plates, as shown in the head of this reptile. 
Lign. 59. This peculiar structure is not possessed bj 
fishes, but is analogous to that of some other reptiles, as 
the turtles and Uzards, and also occurs in the eye of cer- 
tain species of birds, as the owl and eagle. The teeth 
are very numerous, amounting to about two hundred, and 
are placed in a single row on each side of the jaw, being 
implanted in a deep continuous groove. In its dental 
arrangement, as well as in the form of the teeth, this ani- 
mal more nearly resembled the crocodile than any living 
reptile. 

The jaw of the ichthyosaurus is composed of many thin 
plates, so arranged as to combine strength, elasticity and 
hghtness, in a greater degree than could have been 
effected by a single bone, as in other animals. This seems 
to have been a provision to compensate for the great length 
and slendemess of the lower jaw, which no doubt was 
moved by powerful muscles, and which, had it been com- 
posed of a single bone, would have been much more liable 
to be fractured in seizing and holding the prey, than if 
constructed of many pieces, having a motion on each other. 

The vertebral column of this reptile was composed of 
more than one hundred joints, or pieces, resembling in 
structure those of fishes. To these were joined slender 
ribs, divided at the upper ends into two parts, and con- 
tinued along the back-bone from the head to the pelvis, in 
this respect agreeing with the structure of the lizards. 

The ichthyosaurus had four paddles, which appear to 
have been very powerful instruments of loco-motion. In 
some species each paddle was composed of about one 
hundred bones, bound together with strong ligaments, and 
covered with a thick skin. Prof Owen thinks it probable 
that it might have possessed the power of some degree of 
motion on the land, crawling on shore like the crocodile 
to deposit its eggs, for it was an oviparous, or egg-laying 
animal. 

There are seven or eight known species of this genus, 
some of which are supposed to have been at least thirty 
feet in length. 

An entire skeleton is represented by Lign. 60, but it 

What is said of the jaws of the Ichthyosaurus ? What is said of its pad 
dlos ? How many species ? What length ? 
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must r.oi be s'^ppo5«^d that the whole was found at anj 
one i^iiCx: : ori n.e con: ran*, i: is composed of the united 
pans of Lanr.v skrle'.ons. as iney occurred in a more or 
less p»?rfec: ai^-ze lu some, a few ribs and veitebraB might 
be uiiiecftvvi. while ihe o:her pans were missing, or so 
imperfect us :^o: !o be ex:r::c:ed from the stone in which 
it was i:nl*iiivieii. ar..i so of iLe other portions. To form a 
whole skr '.-:•:•:■:. T Lore fore, was a work of time and labor; 
and r.l:*:. v;^li t'.e:nc':.e i lor.es of this reptile are not im- 
common in manv secon.inrv fonnations. vet only a skele- 
ton or two. possessing^ nearly all the bones, has ever been 
constructed, many pans being- composed of wood or 
cement. 

LIGN. CO. 
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277. Plesiosaurus. {Ihard-Iike.) — This, like the reptile 
just described, was a cold-blooded. o\'iparous animal, which 
presents in its ostcologicai stmcture remarkable devia- 
tions from all known anmials. whether recent or fossil. If 
we can imagine a being which unites at once the body 
and head of the lizard, (the former having paddles in- 
stead of feet) ; the teeth of the crocodile ; the neck of the 
swan, elongated to twice its usual length ; together with 
the agility of the crane in daning upon its prey, we shall 
probably have as good an idea of this marine monster, as 
can be obtained at the present day. The neck in most 
animals is formed of only five vertebrae : in the swan, it is 
formed of twenty-four; and in the Plesiosaurus, of forty; 
being four times the length of the head, and equal to the 
entire length of the body and tail. The teeth are placed 
on each side of the jaws, and are about one htmdred 
and forty in number. They are long, slender, conical, 
pointed, and slightly curved inward, presenting a most for- 

Was the skeleton of the Ichthyosaurus found entire, or made of the parts 
of several ? What does Plesiosaurus mean ? What description can joa 
give of this animal ^ 
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n^dable and efficient means, with its long neck, of seizing 
and holding its prey. 

That it was an a'quatic animal, is proved from the form 
and size of its paddles ; that it was marine, is shown by 
its remains being always associated with those of the 
sea ; and that it breathed air, is demonstrated by its whole 
form. With respect to its habits, Mr. Conybeare sup- 
poses that it swam upon or near the surface of the water, 
arching its long neck, hke the swan, and occasionally 
darting down its small head at the fish which happened 
to float within its reach. It may, perhaps, have lurked in 
shoal water along the coast, concealed among the sea- 
weed, and raising its nostrils above the water, have found 
a secure retreat from its more terrible enemies. Lign. 61, 
represents the skeleton of this reptile. 

UGN. 61. 




Skeleton of the HesiosaiiruB. 

There are sixteen species of the Plesiosaurus, known to 
geologists, all of which have been found in the limestone 
formations, lias and Oolite. 

278. Crocodiles. — NaturaUsts enumerate twelve spe- 
cies of this family now living. Of these, eight species 
are true crocodiles, with short, broad snouts ; three are 
called alligators^ differing little from the crocodiles ; and 
one, called gavial, which lives in the Ganges, with a 
slender beak, constructed to feed on fish. 

Of this family, found in the fossil state, none appear to 
differ materially from those now existing ; though it is a 
curious fact, that those with broad snouts, resembling the 
aUigator, are found in the tertiary strata, but not below it ; 
while those with elongated beaks, resembhng the ga vials, 
are only found in the secondary strata. 

What is said to be the habiu of the Plesiosaurus 7 What are the number 
of the species of the Crocodile ? 

13 
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279. CcnusAUBiTs, {whale-likt litard.) — Thii ffesub «Hi 

estublished by Prof. Owen, irom epecimena of TeAobw, 
&□(] bones of iho esttemities of a gigantic reptile found in 
various icriiaiy deposits, in different parts of England. 
The originals are supposed to have been marine atjuatici, 
and must have rivaled even modem whales in bulk, some 
•pecimens indicating a length of forty or fifly feet. They 
are believed lo have been web-footed, and to have had broad 
vertical liiib. 

2S0. DiNOSAunus, (fearfiilly-great lixard.) — This term 
IS employed by Prof Owen, to designate the order of ex- 
tinct colossal reptiles, including the Mtgaiosavrus, HyUt*' 
tauns and Igminodnn, eiich of which forms a well-efltnlh 
luhcd genus. 







'iAEiajiLo&ii.vv.vs, {great lizard.) — This genus was found- 
ed by Di. Buckland, from specimens of organic remaiiu 
found at Stoneslield, in England. No skeleton, in which 
all the pans are prescn-ed, has yet been found ; but so 
many perfect bones and teeth have been discovered, that 
the peculiarity of the animal has been clearly made out, 
and the forms and dimensions of the limbs are as welt 
known, as though they had all occurred in a single block. 

From the size and proportions of these bones, as com- 
pared with existing lizards, it is concluded that the Meg- 
alosaurus was an enormous reptile, measuring from forty 
to fifty feet in length, and partaking the structure of the 
crocodile. From the structure of the teeth, it is proved to 
have been a carnivorous animal, (Lign, 62,) while othcx 
parts showed that it was a cold-biooded terrestrial. 

Whu Ku Ihe Celiouuni>7 Wtul wu Iba Hegalouunul What 0* 
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281. Htl^osaurus, {wood-lizard.) — This is another 
leptile allied to the Saurians, and named, by Dr. Mantell. 
the Wealden lizard from the formation where its remains 
were found. Only detached bones have yet been dis- 
covered, but sufficient for the learned and zealous author 
of the " Medals of Creation," to institute a new genus, 
which is supposed to have been a formidable family, of 
twenty or thirty feet in length. 

282. lGVANOT>oNj{iguana-toothed.) — The Iguana is a land 
lizard of the West Indies, and to which the fossil teeth 
of the present genus has a near resemblance, hence the 
name. The genus was established by Dr. Mantell, from 
bones chiefly foimd at Tilgate forest, in Sussex, England. 
The remains found at this locality are represented in four- 
teen quarto plates, many of which are occupied by the 
bones and teeth of the Iguanodon. As in most othei 
cases of large fossils, only detached parts have been dis- 
covered m the same -spot, and it often requires the utmost 
skill of the comparative osteologist to identify the bones 
belonging to the same species, so as not to join in the 
same skeleton parts belonging to different species or even 
genera. 

" Although," says Dr. Mantell, " much remains to be 
known of the osteology of the Iguanodon, it is manifest, 
from data hitherto obtained, that the original was a ter- 
restrial oviparous quadruped,'t)f gigantic proportions ; com- 
bining with its reptilian organization, the massy, cumbrous 
limbs of the existing herbivorous pachydermata, or rather 
approximating to the Dinotherium, Megatherium, and 
other extinct colossal mammalia." The probable size of 
the animal, according to the estimate of Prof. Owen, is as 
follows : length., of the head, three feet ; of the trunk, 
twelve feet ; of the tail, thirteen feet : total length, twenty- 
eight feet. 

283. Pterodactylus, {wing-fingered.) Lign. 63. — The 
extinct reptiles denominated Pterodactyles, are unquestion- 
ably the most marvelous, even of the wonderful beings 
which the relics of the age of reptiles have enabled the 
palaeontologist to reconstruct, and place before us in their 
natural forms and appearance. With a head and length 
of neck, resembling that of a bird, the wings of a bat, and 

What does Iguanodon signify? Describe this animal? Describe tits 
Pterodactylus I 



us 

tliA body and tail of an ordinary land animal, these cna- 
tures present an anomnly of sinicture as unlike their foanl 
coniemporariea, as is the duck-billedPlatypus, of Australia, 
to existing animals. The skull is small, with veiy long 
beaks, which extend like those of the crocodile, and an 
furnished with upwards of sixty sharp pointed teeth ; the 
OTbit of the eye is very large, rendering it probable that 
these animals were nocturnal, and hved on insects. The 
fore-finger, being a division of the wing, is inuneiiBel; 
elongated, for the support of a membraneous expansion, as 
in the bat, and the fingers terminated, as in that apimal, in 
long curved claws. M C. p. 762. 




Dr. Buckland says : " It ia probable that the Pterodao- 
tylea had the power of swimming, which is so common in 
reptiles, and which is now poaseased by the vampire bat, 
of the island of Bonia, Thus, like Milton's fiend, all qual- 
ified for all elements and all services, the creature was a 
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fit companion for the kindred reptiles that swarmed in the 
seas, or crawled on the shores of a turbulent planet." 

" The fiend, 
0*er bog, or steep, through strait, rough, dense or raie. 
With head, hands, wings, or feet, pursues his way. 
And swims, or sinks, or wades, or creeps, or flies.'* 

Paradise Lost. 

**With flocks of such-like creatures flying in the air, 
and shoals of no less monstrous Ichthyosauri and Plesio- 
sauri swarming in the ocean, and gigantic crocodiles and 
tortoises crawling on the shores of the primeval lakes and 
rivers, air, sea, and land, must have been strangely ten- 
anted in those early periods of our infant world." Bd. p. 
174. 

Naturalists are acquainted with eight species of this 
wonderful animal, diflering in size from a snipe to that of 
a cormorant. 

284. Chelonians, {tortoises.) — These are distinguished 
from other animals by the double osseous shield, or cara- 
pace, in which their bodies are inclosed, and from which 
the head, neck, tail and legs are protruded, when the ani- 
mal is in motion ; but when disturbed, or in danger, all these 
parts are drawn within the shell for protection. The 
breast-plate, which is the true stemmn, is composed of 
nine pieces of shell, eight of which are in pairs, the ninth 
being placed between the four anterior platea. In young 
land and fresh-water tortoises, there are vacancies be- 
tween the pieces, which are filled up in the adult, and the 
whole imited into one bony plate ; but in the marine tur- 
tles, these pieces do not completely imite, the interspaces 
always remaining. All the Chelonians are edentulous, or 
toothless, their bony jaws, being raised along the edges, 
serve instead of teeth to seize and hold their prey, like the 
mandibles of a bird. 

There is a close approximation of the generic characters 
of the fossil tortoises to those of the present day, so that 
it will be unnecessary to give any further description of 
an animal, more or less examples of which exist in every 
part of the world. Those found in the fossil state are ol 
marine origin, some of which are of immense size, the 
shell of one described by Cuvier being eight feet in length. 

What are the Chelonians? How is this order distinguished frvn al 
other animals ? How do fossil tortoises difier from the recent ? 

13* 
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llie n^mains of both land and marine tortoises have also 
been discovered in England, Grermanj, and India. Dl 
Buckland figures one with the upper shield, ribs and head, 
with all the legs and toes, with one exception, entire. 
They occur chiefly in the tertiary and cretaceous deposits. 

285. Ophidians, {serpents.) — The fossil remains of ser- 
pents have been found in various parts of England, espe- 
cially in the London clay, on the coast of Siissex, some of 
which are supposed to have been more than twenty feet 
in length. Prof Owen infers, from the examination of 
these bones, that they belonged to species aUied to the 
Boa and Python, now only inhabiting hot climates. 

BATRAcmANS, {frogs.) — The skeletons, vestiges of the 
soft parts, and imprints of the feet of several genera of 
the soft parts, and imprints of the feet of several genera of 
the Frog tribe, occur in the fossil state in many tertiaij 
deposits, all of which, like the existing races, appear to 
belong to fresh-water, or terrestrial species. 



CHAPTER XXIII. 

ORNITHOLITES, FOSSIL BIRDS. 

286. " Except in strata of comparatively modem origin, 
the remains of birds, in the fossil state, are exceedingly 
rare. In the caverns that contain the skeletons of carniv- 
orous animals, and which were once their dens, and are 
now their sepulchres, the bones of several species of exist- 
ing genera of birds have, been discovered in England, on 
the Continent, and in Australia ; and very recently theie 
have been obtained from alluvial deposits in New Zet.- 
land the skeletons of birds of enormous magnitude, and 
under conditions which leave some doubt whether, like 
the Dodo, the species may not have been extirpated by 
man during the last few centuries ; or even if some stray 
individuals of the race may not, according to the belief of 
the Aborigines, be still in existence in the interior of the 
country." M. C. p. 795. 



What are Ophidians ? Are any of their remains fossils ? What are the 
atrachians 7 Are any fossil ? What does Oraitholites mean 7 
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The fossil remains of birds consist of their osseous 
skeletons and of detached bones, and rarely of the feathers 
«uid eggs. From the quarries of gypseous limestone near 
Paris, Baron Cuvier obtained many bones, and some con- 
nected portions of the skeletons of several birds, related to 
the pehcan, sea-lark, curlew, woodcock, owl, buzzard, and 
quail. Two or three omitholites have been discovered at 
Montmatre, the celebrated fossil mine near Paris, in which 
almost the entire skeleton is preserved. In one example, 
described by Cuvier, the remains of a bird are displayed in 
such a manner as to show that the animal had fallen on 
its belly, and became partially impacted in the soft gyp- 
sum, which is now become solid stone ; and that previ- 
ously to its becoming completely enveloped, the principal 
part of its head and the left leg were removed, either by 
the agency of some voracious animal, or by the action of 
water, after decomposition had commenced. In a few 
instances, the petrified eggs of aquatic birds have been 
discovered. 

287. Omitholites in caverns. — ^In the fissures and caves 
of limestone districts, the remains of birds, with those of 
other animals, have frequently been found. Thus, in the 
cave of Kirkdale, in Yorkshire, intermixed with the bones 
of Lions, Bears, and Hyenas, Dr. Buckland discovered the 
remains of the Raven, Lark, Ehick, Pigeon, and Snipe; 
all, however, of diflferent species from those now existing. 

288. IcHNOLiTHES, {foot-prints on stone.) — Li 1828, Dr. 
Duncan pubhshed an account of foot-marks and tracks of 
animals made in stone, at the depth of forty-five feet from 
the top of the rock. Similar marks were found, not on a 
single stratum only, but on many successive strata, show- 
ing that these impressions were made, and repeated at 
intervals of time. These fossil foot-marks, the first, it 
appears, which excited the attention of geologists, occur- 
red in a sandstone quarry in Dimifriesshire, Scotland. Dr. 
Buckland, to whom Dr. Duncan communicated the facts, 
with drawings of the marks, concluded that they were 
impressions left by the feet of land tortoises. Bd. 199. 

In 1831, Mr. Scrope found rippled markings, and abun- 
dant foot-tracks of small animals, in the forest marble 
beds near Bath, in England. 

What birdd have been found in the fossil state ? What is the meaning ot 
If hnoUthes ? When was the notice of geologists first called to this subject t 
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In 1834, impressions of animals on sandstone were fouDd 
in a quarry in Saxony. The largest mark seems to harq 
been by the foot of a marsupial quadruped, and was eight 
inches long. Others were attributed to tortoises, and 
others to batrachians (286) of gigantic sizes. 

The quarries of Storeton-hill, near Liverpool, are cele- 
brated for the abundance and variety of these fossil ba- 
prints; on some of the layers, not only the tracks of 
animals that have walked over the clay when soft, are 
distinctly observable, but the surface often presents a blis- 
tered or warty appearance, being covered either with little 
hemispherical eminences or depressions, which an accu* 
rate investigation has proved to have been produced by 
' showers of rain. 

The foot-prints on these strata are of several kinds: 
some appear to have been produced by small reptiles aod 
crustaceans ; but the principal are identical with those* 
which have been obser\'ed in Saxony, and are referable to 
some large quadruped, in which the hind were of much 
larger size than the fore-feet. M. C. 810. 

289. ORNixmcHxiTES, (fossil foot-prints of birds.) — We 
have seen, above, that the tracks of animals on sandstone 
strata had, for a series of years, drawn the attention of 
geologists. These, so far as hitherto known, had been 
the impressions of reptiles, or of unknown quadrupeds; 
and it is perhaps unaccountable that the imprints of birds 
(a class of animals, of which many, at the present day, 
are constantly walking along the shores of lakes axid 
rivers,) should not, until recently, and in this country, 
have been discovered and described. It appears, however, 
that the foot-prints of birds were first noticed in the sand- 
stone strata on the banks of the Connecticut, by Doctor 
Deane, and by him described as a new and highly curious 
geological phenomenon. 

Says Dr. Mantell : " A most unexpected and remarkable 
discovery has been made by an eminent physician. Dr. 
James Deane, of Greenfield, which seems to prove incon- 
testably that numerous birds, and some of gigantic size, 
existed at the period when the Triassic, or New Red strata, 
were in the progress of formation." M. C. p. 808. 

When and where were the tracks of animals in stone first noticed? What 
is the meaning of Omithichnites? Who first discovered bird-tracks in 
stone ? 
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Again, 810: "In certain localities of the New Red 
iiandstone, in the valley of the Connecticut, numerous tri- 
dactyle markings had been occasionally obser\'ed on the 
surfaces of the slabs of stone when split asunder, in .Hke 
manner as the ripple-marks appear on the successive lay- 
ers of sandstone in Tilgate forest. Some remarkably 
distinct impressions of this kind happening to attract the 
attention of Dr. James Deane, that sagacious observer was 
struck with their resemblance to the foot-marks left on 
the mud-banks of the adjacent river by the aquatic birds 
which had recently frequented the spot. The conviction 
that the imprints on the stone were referable to a similar 
origin, with those on the mud, was so strongly impressed 
on his mind, that he immediately collected a series of 
specimens, and communicated his discovery and opinions 
to Prof. E. Hitchcock, who followed up the inquiry with 
a zeal and success that have led to the most interesting 
results. No reasonable doubt now exists that the imprints 
in question have been produced by the tracks of bipeds, 
impressed on the stone when in a soft state." 

290. " These highly interesting specimens of the orni- 
thichnites of North America, collected and developed by 
Dr. Deane, have been lately added to the collection of 
organic remains in the British Museimi. They exhibit 
several varieties of foot-prints, and are in a very fine state 
of preservation The surface of the largest slab is eight 
feet by six, and bears upwards of seventy distinct impres- 
sions, disposed in several tracks." 

One of these tracks, of comparatively small size, is rep- 
resented by Lign. 64 ; the surrounding surface of the stone 
being sprinkled with the impressions left by drops of rain. 
The imprint of the bird is of the natural size; and tlie 
following is Dr. Deane's description of the foot-marks and 
the strata on which they were found, in various places 
along the banks of the Connecticut. This, and other 
statements, it appears, were received by the geological 
savans of England with great incredulity, nor were they 
convinced of the truth of such phenomena, short of ocular 
demonstration. When it was stated that birds had lived 
in America, whose tracks were fifteen by ten inches, (that 

What does Dr. Manlell say is proved by the discovery of Dr. Deane? 
How large was the block, and the number of tracks on it, which Dr. Deane 
sant to the Britinh Moseuro ? 
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of LJie A£rican ostrich being only ten inches lon^,> we an 
ready to excuse those who had spent their L\'es m devel- 
oping the hidden mysteries of geology, for not at once 
beheving that a new coin, of such enormous dimensioiu. 
should so unexpectedly be added to the "MedaU of Cn»- 
tion." 




IUm-';lTopi. 



291. Extract from Dr. Deane's statement. — " hi genera], 
distinct evidence of the pecuhar phalangeal airuclure of the 
toes of the birds ia wanting ; each toe appears to be formed 
of a single joint, without the terminal claw. But a few 
specimens have been discovered, in which the true char- 
aclers of the feet are clearly developed, with its rows of 
joints, and its claws and integuments. So far as my 
observations extend, the sharpest impressions are on the 
shales of the finest texture, with a smooth glossy surface, 
such as would retain the impressions of rain-drops, {Lite*. 
64.) The layers of stone do not often present this kmd 
of surface ; but recently it has been my good fortune to 
discover a stratum containing, in all, more than one him- 
dred most beautiful impressions of the feet of four or fivs 

■.t ! How doM thif 
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varieties of birds ; the whole surface having been pitted 
by a shower of rain. The impression of a medallion is 
^K)t more sharp and clear than are most of these imprints ; 
and I would suggest that their remarkable preservation 
may probably be ascribed to the circumstance that the 
entire surface of the stratum was incrusted with a layer 
of micaceous sandstone, and which adhered so firmly, that 
it could not be removed without the laborious and skillful 
apphcation of the chisel. The appearance of this glossy 
layer, which is of a graycolor, while the slab is of a dark 
red, seems to indicate that it was washed or blown over 
the latter while in the state of loose sand ; thus filling up 
the foot-prints and rain-drops, and preserving them un- 
changed in the smallest particular ; the form of the nails 
or claws, and joints, and the deep impressions of the distal 
extremity of the tarso-metatarsal, or shank-bone, being 
exquisitely displayed. The great slab, which is about sisf. 
by eight feet in dimensions, and two inches in thickness, 
contains above seventy-five impressions." M. C. p. 812. 

292. This slab, now in the British Museum, (presented 
by Dr. Deane,) is figured by Dr. Muntell, in his " Medals 
of Creation;''^ and the following are his remarks on the 
subject : 

" The enormous size of some of the foot-marks are cal- 
culated to excite great surprise. I have in my possession 
(through the kindness of Dr. Deane) imprints that prove 
the size of the foot to have been fifteen inches in length 
and ten inches in width, exclusive of the hind claw, which 
is two inches long. The foot -prints of this bird, when in 
a consecutive series of five or six, are from four to six feet 
apart, which of course must have been the length of the 
stride of the bird : the longest stride was probably made 
by the animal while running ; the shortest, when walking 
at a moderate pace. These foot-steps indicate proportions 
so far exceeding those of all known living bipeds, (for the 
foot of an African ostrich is but ten inches long.) that the 
geologist may be pardoned for hesitating to adopt the opin- 
ions of the American savans, in the absence of any relics 
of the osseous structure of the supposed birds, although 
sanctioned by the high authority of Dr. Buckland, who, 
from the first, concurred in the views of Prof Hitchcock. 
But much scepticism prevailed among our geologists con- 
cdming the true nature of these impressions ; and I can* 
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didly confess my incredubt v. until a series of specimcni 
sent me bj- Eh*. Deane. (and which were laid before the 
Greological Society of London.) accompanied by a graphic 
description of the circumstances connected with their posi- 
tion in the strata, brought conviction to my mind." M. G 
p. 816. 

293. DisoR^iis, {fcaffulljf-great birds.) — ^"An insupera- 
ble obstacle." contmues Dr. Mantell. *• to the adoption of 
the views of the American philosophers, with some distin- 
guished geologists, was the enormous size of the largest 
foot-prints ; but this objection has been removed by a dis- 
covery as unexpected and marvelous as that of the Omi- 
thichnites of Connecticut : namely, of the skeletons of 
several species of unknown birds, with feet equal in mag- 
nitude to the largest [of these] foot-prints, in the alluvial 
deposits of existing streams and rivers in the north island 
of New Zealand." 

These bones have been described by Prof Owen, who 
refers them to the Ostrich family, but to a species one-thiid 
larger than any now existing. He regards the Dinomis 
as an apterous, or wingless race, which seems to have 
flourished at the epoch of the New Red sandstone of Con- 
necticut. Among these remains are a tihia^ (large bone 
of the leg,) twenty -eight and a half inches long ; ^ femur ^ 
(thigh-bone.) fourteen inches long and seven and a half 
inches in circumference. The native inhabitants believe 
that similar birds are still in existence in some part of their 
island. M. C. p. 818. 



CHAPTER XXIV. 

FOSSIL MAMMALIA. 

294. The class Mammalia^ as its name impHes, includes 
all milk-giving animals, whether they inhabit the land or 
sea. The whales, though commonly considered as fishes, 

are not properly such, since they are air-breathing, milk- 

» ' ■' ■ —^—^•—^—■^—^^-^—~— — - 

What is said of the foAsil birds of New Zealand ? What animab doM 
f he class Mammalia include ? How does it appear that the whale is not • 
finhr • 
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giving, warm-blooded, vertebrated animals. Hence the 
whales, and several other marine tribes, with man, and all 
mammiferous quadrupeds, come within the same class. 

The remains of this class that have been discovered in 
the fossil state, include a great number of species, furnish- 
ing examples of almost every living genus ; also, of numer- 
ous genera, and even orders, of which no existing ana- 
logues are known. " Yet," says Dr. Mantell, " amidst the 
vast accumulations of the skeletons of the higher order of 
the vertebrata contained in the superficial drift, and in ter- 
tiary deposits, belonging to species which have succes- 
sively appeared on the surface of our planet, flourished for 
indefinite periods of time, and then become annihilated, no 
vestiges of Man, or his works, have been detected." 

Formerly it was supposed that the fossil bones of a man 
had been detected in a limestone quarry at Guadaloupe, 
and the skeleton, still partially imbedded in the calcareous 
deposit, is now to be seen in the British Museum. But 
although these remains have suffered incipient petrifac- 
tion, they are considered of modem origin, since the water 
in the locality where they were found is constantly depo- 
siting calcareous matter ; and hence the original of these 
rehcs may have lived only a century or two ago. 

295. I'he fossil remains of Mammaha which have hith- 
erto been discovered, belong to one or the other of the fol- 
lowing orders : 

L Cetaceans. Whales, of which there are many species. 

IL Ruminants. Cud-chewers, as the Ox, Deer, and Elk. 

IIL Pachydermata. Thick-skinned, as the Elephant, 
Rhinoceros, and Mastodon. 

IV. Edentata. Toothless, that is, without front teeth, 
as the Sloth, Ant-eater, and Megatherium. 

V. RoDENTiA. Gnawers, as the Hare, Beaver, and Rat. 
VL Marsupialia. Pouched, having an abdominal bag, 

in which they carry their young, as the Opossum and 
Kangaroo. 

VIL Carnivora. Flesh-eaters, as the Lion, Tiger, Dog, 
and Bat. 

Vin. ClUADRUMANA. FouT-handcd, as the Monkeys and 
Apes. 



What are Cetftcians? Ruminante? Pachydermata? Edentata? Roden- 
tia? Marsupialia? Carnivora? Quadrumana? 

U 
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296. General account of Fossil CIuadrufeds.—- Before 
proceeding to the description of particular fossils, we will 
give a summary of what is known with respect to the 
number of species discovered in the fossil state, and the 
methods employed to distinguish the remains of one ani- 
mal from another, merely by the examination of their 
detached bones. This method is due entirely to the zeal, 
patience, and learning of the celebrated Baron Cuvier, of 
Paris, the founder of Palaeontology. 

All the organic remains of this class have been found 
in diluvial and tertiary formations, being those considered 
the most recent in which fossils occur. Since the time of 
Cuvier, a considerable number of extinct species have been 
brought to light in various parts of the world ; and the 
catalogue is every year increasing, and probably will con- 
tinue to do so for centuries to come ; for, as yet, only a 
small part of the earth has been examined where such 
relics may be expected to occur. 

297. Quadrupeds determined by Cuvier. — The number 
of quadrupeds, the classes and orders of which have been 
determined by Cuvier, solely by the examination of their 
fossil remains, amount to about one hundred and fifty. 
Of these, ninety species were before entirely unknown to 
naturahsts, and are therefore considered extinct, their 
entire races having perished at the period when their 
bones, generally found in the most recent strata, were 
there buried. I'en or twelve of the other species, so nearly 
resemble those at present known, that little doubt is en- 
tertained of their identity; while many of those"* which 
remain, exclusive of the ninety extinct races, present kin- 
dred features to known species ; but in some instances, the 
want of a sufficient number of perfect specimens, and in 
others, some defect in an essential part, have prevented 
comparisons being made with sufficient accuracy, to re- 
move all doubt ; and, therefore, it is still uncertain whether 
any li^'ing examples of their races exist or not. 

Of the ninety unknown species, about thirty belong to 
genera still living, and the remaining sixty, to genera en- 
tirely unknown ; presenting to the naturalist the remains 

— - - ■ ■■ ■ — — ■ ■ _ i — ' 

Who was the founder of Palaeontology t In what strata are fossil quadru- 
peds exclusively found ? What number of quadrupeds were determined by 
Cuvier, by their fossil bones I How many species were onknown, and bow 
many still living ^ 
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of SO many races of animals, which once prowled or ru- 
minated where, at the present time, not an individual of 
their whole tribes is known. 

With respect to the classes and orders to which these 
animals belonged, about one-fourth of the one hundred and 
^iy species, were oviparous (egg-laying) cold-blooded rep- 
tiles, as the alligator, lizard, and tortoise. The remainder 
were mammiferous animals, as the elephant, deer, masto- 
don, and hare. Of the latter, more than one-half were 
non-ruminant, hoofed quadrupeds, as the horse, tapir, and 
hog, 

298. Proportions of the different genera. — From mese 
facts, thus developed, concerning the animals of the primi- 
tive or ancient world, it might, perhaps, be supposed that 
9ome theory could be formed, with respect to the propor- 
tions of the different genera, which then inhabited the 
earth ; and by a comparison of them with those now exist- 
ing, we should be enabled to arrive at some conclusions 
with regard to the difference. But it would be premature 
to form any hypothesis on this subject at present, since we 
know not but there are still hundreds of extinct species, or 
even genera, still imdiscovered; and there possibly may be 
existing species of some magnitude, still unknown to natu- 
rahsts, though there is little expectation of finding any 
large quadrupeds in regions of the earth which remain 
unexplored. With respect to marine animals, there is 
more probabiUty that there remain some, even of consider- 
able size, which naturalists have, as yet, had no opportu- 
nity of examining ; for there are yet unknown seas and 
coasts to be explored. 

299. Extinct species^ not varieties of the recent. — Cuvier 
has proved, as we shall see directly, that the extinct 
species of quadrupeds are not varieties of those now in 
existence, but that there exist distinct specific differences 
between them. "A species comprises all the individ- 
uals which descend from one another, or from common 
parents, and those which resemble each other, as much 
as Jthey resemble themselves." Hence, the varieties of a 
species are the result merely of such changes as take 
place in the color, size, and fineness of the fur of animals; 

Is it probable that more extinct species will be discovered ? Is it proba- 
Me that all existing species are known ? How does a species vary troni a _ 
variety? 
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und which may be caused by a difference of climate, of 
food, or the domestication of the species ; these varieties 
may, therefore, produce the exact likenesses of their pa- 
rents. For example, the dog is a genus ; the pointer is one 
species and the greyhound another. Now, every oiie 
knows, who is conversant with dogs, that pointers may 
differ from each other in color, size, and shape ; and even 
from the same parents, it is seldom that two precisely 
similar can be found. These are varieties of the pointer, 
but the species is not changed ; for their instincts, habits, 
and general appearance, are the same with those of their 
parents. The same variations may be observed in the 
greyhound, and, indeed, in all other species of dogs. Bat 
if the races are kept distinct, there are no circmnstances 
of climate, or food, or training, that will change the grey- 
hound into the pointer, or the contrary. The species aro^ 
therefore, entirely distinct and unchangeable. 

*^The fox and the wolf," says Cuvier, "inhabit every 
country, from the icy to the torrid zone; they experience 
in this immense interval, every change of climate and 
condition, and yet the species have suffered no other 
change than a slight variation in the beauty of their fur." 
The same accurate observer compared the skulls of foxes 
from the north of Europe, and from Egypt, with those of 
France, but found no appreciable difference. Hence, we 
learn that the species of animals never change by time, 
circumstances, or condition, which some have argued to 
be the case, 

300. Although species never change^ animals may acquire 
new instincts^ which beco?ne hereditary. — The young pointer, 
of good blood, is as stattch, as sportsmen call it, when first 
taken to the field, as ever afterwards ; that is, he will 
stand, and point at the game with his nose, without ever 
having before smelled a bird, or seen any of his race exer- 
cise this wonderful instinct. On the contrary, a common 
whelp, under the same circumstances, will instantly rush 
upon, and Jlush the game, without hesitation. Now, at 
what period, and by what nation, dogs were first trained 
to stand upon game, we do not pretend to know ; nor will 
we venture to say that this species did not originally pos- 

Do the same races ever produce new species ? Do the species of ani* 
mals ever change 7 What is said of acquired instinct ? What proof does 
^he pointer furnish ? 
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ses8 this instinct, now so highly valued by man, in a] J 
parts of the world. But it is most probable that it has 
been acquired through the agency of man, since it cer- 
tainly could have been of no use to these animals in their 
wild state; and in further proof that it is an ^acquired 
iiistinct^'* it is well known to sportsmen, that dogs deterio- 
rate when not employed; and that the descendants from 
parents of good blood, in which this faculty has never been 
exercised, are often worthless in the field, having little or 
no appetency to display the peculiarity of their race ; and 
it is asserted that this instinct is lost entirely, after a few 
generations in which it is not exercised. Hence, one of 
the first inquiries which a sportsman makes, when about 
to purchase a pointer, is, whether his parents were stanch 
and well-broke animals. 

301. The Retriever^ a)iotker instance of similar faculty . — 
The instinct of the retriever, is, perhaps, a still more strik 
ing instance of a faculty, peculiar to a race of animals ; 
for it may, perhaps, be said of the pointer, that his peculi- 
arity is only a modification of a habit acquired in the wild 
state, of standing for an instant, in order to gather strength, 
or to make a more sure leap upon his game ; but the busi 
ness of the retriever is, to bring the wounded bird, and lay 
it at the feet of his master; and this faculty the race 
inherits, as the pointer does that of standing upon the bird 
which he has perhaps never seen, and which he knows, 
only by the smell, lies a few yards in front of him. In 
proof of this instinct in the retriever dog, it is said that 
the celebrated French physiologist, M. Majendie, having 
learned that there was a race of dogs in England, which 
stopped, and brought game of their own accord, procured a 
pair; and having obtained a young animal from them, kept 
it constantly under his own care, until he should have an 
opportunity of assuring himself that, without receiving 
instruction, it would perform the duty peculiar to its race, 
and that on the first day it was taken to the field, it 
brought back game, with all the readiness of dogs which 
had grown old in the exercise of this instinct. Similar 
peculiarities exist in the bloodhound, the foxhound, the 
shepherd's-dog, and in the dogs of St. Bernard, which, from 
time immemorial, have been celebrated all over the world, 
for their instinct, in detecting and assisting persons buried 
in the snow. 

U* 
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302. Now, how far it is possible to convert one of these 
races into the other, that is, to train the foxhound to pomt 
a bird, or the pointer to follow the fox, we know not. But 
whoever has had an opportunity of noticing the facts, 
knows that the foxhound takes no notice of birds, nor can 
the pointer be made to pay the least regard to the scaDt 
of a fox, however strong; and that if we mix these races, 
the result becomes utterly useless, either for the field or 
the chase. 

These facts go to prove that no such thing exists as 
new species, formed of varieties, as some French savans 
have endeavored to show ; for if the useless products abo?e 
mentioned be continued, they never would form new spe- 
cies, but would remain mongrels, or varieties of the two 
races from which they originated ; and if either side predom- 
inated, the result would be, either a foxhound or a pointer. 
Hence, we may come to the conclusion, that the focail 
remains of animals, which present distinctive characters, 
differing from species or orders now existing, never coukl 
have been the originals, by change of chmate, or circum- 
stances, gradually changed to the present species; but 
that the distinctive traits of these ancient races, would 
have remained the same, had they hved and flourished to 
the present time. 

t 

MEANS OF DISTINGUISHING FOSSIL BONES. 

303. Before proceeding to the description of individual 
fossil species, it is necessary, for the information of the 
student, to describe the method bv which naturalists have 
been enabled, by examining their petrified remains, to dis- 
tinguish these unknown animals from each other, and 
from those now living; and to reconstruct not only entire 
skeletons, even where many bones are wanting, but to 
clothe the creature with a new skin, and to give him a 
snout, a proboscis, or other fleshy organ, where the stony 
frame indicates that such parts were possessed by the 
original animal. All this has been repeatedly done by the 
acute and laborious Baron Cuvier, who, we repeat, was 
the father of this science ; and who, by constant devotion 
to this his favorite pursuit, brought it to a degree of per- 

What is said about the change of species ? Would the fosxil aniinals 
nave changed, had their races lived to this day ? What is said of the recon* 
struction of animals ? 
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fection, to which little or nothing has been added by his 
successors. 

The principle on which this discrimination is founded, 
is the pecuUar and perfect organization of each species, so 
that one part is invariably and exactly adapted to another, 
and is as clearly indicated by it, as a neck indicates a 
head. Each animal constitutes a whole, one systematic 
cycle, whose parts are in mutual correspondence, and con- 
cur to the same definite action, by a reciprocal reaction. 
None of these parts can change without symmetrical 
change in the others ; and hence each, taken by itself, 
indicates, and gives form to all the others. 

304. Carnivorous animals. — Thus, if the organs of an 
animal are so constituted as to digest only raw flesh, its 
jaws must be constructed for devouring its prey; its claws 
for seizing and tearing ; its teeth for cutting and dividing ; 
the entire system of its organs of motion, for pursuing 
and overtaking it ; its organs of sense, for descrying it at a 
distance; and even its brain must be qualified for exer- 
cising the instinct of self-concealment, and the art to 
ensnare its victim. Such is the general condition of the 
carnivorous temperament, every animal endowed with 
which, must combine them all, for otherwise its race 
could not subsist. 

For the jaw to seize its prey, there must be a certain 
kind of articulation, which gives prominence, as in the 
lion and cat, to the cheeks, and fits the bones to receive 
the insertion of strong muscles ; for without these, any 
such articulation would be useless. To enable the ani- 
mal to carry off its prey, there must be a certain degree of 
strength in the muscles of the neck, and hence results a 
determinate form in the vertebra, and the hind part of the 
head, to which these muscles are attached. 

Whoever will compare the bones of a rabbit with those 
of a cat, will see how these parts differ; and if he will 
study the subject, he will soon convince himself why the 
bones of the rabbit, independently of the teeth, could not 
have been fitted for the purposes of a rapacious animal. 

For the claws to seize the prey, there must be a certain 
mobility in the talons, and a certain degree of strength 

How does it appear that the bones of a cat, are better fitted than those of 
a nUibit, for prowling animals ? 



164 MEANS OF DISTLVGUISHIN'G FOSSIL B02«£8. 

in the toe-joints, which the rabbit does not possess ; and 
hence there must be a corresponding distribution of the 
muscles and tendons, so that lightness and power may be 
combined, as may be seen in the cat. The shoulder-bones 
in such animals must have great firmness, otherwise the 
legs will not be fitted for the uses of the claws ; and this 
firmness of bone is thus prepared to receive the insertion 
of strong muscles, by which the required power is given. 
It is unnecessary to show how the other parts of a 
prowling animal* are adapted to each other, so that the 
whole machinery of bones, muscles, joints and tendons, 
all combine to the accomplishment of the same end. The 
parts of any animal are indeed "a collection of wonders;" 
and he who does not behold in them the traces of Infinite 
Wisdom and design, must either want understanding or 
sight. 

In a word, says Cuvier, the formation of a tooth indi- 
cates the structure of the jaw, and its kind of articulation; 
the structure of the shoulder-bone, shows the form of the 
feet, just as the equation of a curve involves all its prop- 
erties ; and as, by assuming such property separately, as 
the base of a particular equation, we should so produce 
both the ordinary equation, and all its properties ; so the 
nails and shoulder-blade, indicate the articulation of the 
jaw ; the thigh-bone, and the other bones, taken separately, 
give the form of the tooth, or are given by it in their turn- 
SOS. How species are distinguished. — Since the mechan- 
ism of every animal involves certain fixed and invariable 
principles and proportions, which belong to the whole race, 
by ascertaining what these are, we can readily distin- 
guish one tribe or species from another, though the differ- 
ence may be ever so slight. To the common observer, 
the entire skeleton of a hor",e would be readily distin- 
guished from that of an ox, by the size and proportion of 
the whole; and by comparing the thigh-bones of the two 
animals, he would readily distinguish them, and thus take 
one step in comparative anatomy; for now he would be 
able to distinguish a horse from an ox, merely by inspect- 
ing a single bone. 

It is plain, from this single example, that by the constant 
examination of the bones of different classes, genera and 



What is said of wisdom and design in the construction of animals ? 
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species of animals, the observer might attain great perfec- 
tion in this art ; so that even without comparison, he would 
be able to decide in an instant, whether a given bone 
belonged to any living genera of animals or not ; and by 
closer care and comparison, to point out those differences 
which rlistinguish the osteology of one species from that 
of another. 

DO ANY OF THE FOSSIL ANIMALS STILL EXIST. 

306. The Mastodon, or Mammoth, whose bones have 
been found in various places in this country, is an example 
of an extinct species. If an animal of such magnitude 
was still living in any part of this comitry, there can be 
no doubt but a knowledge of the fact would long since 
have been communicated to the whole civilized world. 
Our adventurers, or exploring parties, have crossed nearly 
every degree of latitude and longitude on the American 
continent, and are now more or less acquainted with nearly 
every Indian tribe; and yet nothing, except some vague 
traditions, has ever transpired concerning any animal 
larger than the Bison or Moose. No doubt can exist, 
therefore, that the entire race of the Mastodon has long 
since been extinct. Nor can there be any question, that 
this animal is a distinct species from the elephant, which, 
in its osteology, it more nearly resembled than any other 
known species, whether fossil or recent. This is proved 
by the size and form of its bones, especially its tusks and 
grinders, many of which have been compared with those 
of the elephant now living, and the specific differences 
pointed out. 

But it has been suggested by several naturalists, that 
more or less of the unknown fossil species, of the second 
or third magnitude, might now exist in parts of the earth 
still unexplored. On this point, we quote Baron Cuvier : 

307. "If," says he, "we examine what species of quad- 
rupeds have recently been found, and in what circum- 
stances they have been discovered, we shall see that there 
is but little hope of ever finding those that we have only 
seen as fossils. Islands of moderate extent, situated at 
a distance from extensive continents, have very few quad- 
rupeds, and these always of siSall size. When they have 

Why is it supposed that the race of the Mastodon is extinct ? What i% 
taid of large animals existing on islands ? 
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large ones, it is because they have been brought from else- 
where. Bouganville and Cook found only dogs and hogi 
in the South Sea islands ; and the largest species in the 
West Indies, was the agouti, (a species of hare.) In fad, 
only large territories, such as Asia, Africa, America, and 
New Holland, have large quadrupeds, and, generally speak- 
ing, peculiar to themselves." 

COS. Animals known to the ancients. — The ancients weie 
acquainted with all the animals now known, (of any con- 
siderable size,) except such as have been discovered in 
America and New Holland. The Greeks were acquainted 
with the elephant, and the double and single-homed rhi- 
noceros, and both these animals were common at JRome. 
Heliogabalus exhibited the hippopotamus and giraffe, or 
camelopard ; the former, it is believed, has not been since 
seen in Europe. The two species of camel, one of which 
is now called the dromedary^ were known to the Romans 
in the time of Julius Caesar. The buffalo, the wild, or 
the ox without horns, and the little ox, no larger than the 
goat ; the sheep with the great tail, and the great sheep 
of India, were all known to the ancients, for they have 
left descriptions of them. 

The Romans exhibited lions and tigers by the hundred ; 
they also showed hyenas, and even the crocodile of the 
Nile. Even the Zebra also, which is found only in South- 
em Africa, graced their shows, and they were acquainted 
with the most remarkable species of the Ape-tribe. Theee 
facts show, that the ancients were acquainted with all 
the quadrupeds of any consequence in the old world, and 
that naturalists, in later times, although they have reduced 
Zoology to a science, and have described many smaller 
animals, which were probably unknown to the Greeks 
and Romans, have still failed to discover any Mamma- 
lia of consequence, with the exception of those of America 
and New Holland. 

It is quite improbable, therefore, that any of the laiger 
quadrupeds, or even amphibious animals, now considered 
extinct, except perhaps some small ones of the latter kind, 
are still any where in existence ; and since it has been 
shown that they are distinct species, and not varieties of 

What animals are enumerated with which the ancients were acquainted? 
What is the conclusion with respect to the existence of any of the foMil 
animals? 
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iho0e now known, there is no doubt but these entire races 
have been destroyed by some violent catastrophe. 

.309. When, and by what means, did these races perish .?— 
At what period of the world these ancient races of quad- 
lupeds were utterly swept from the face of the earth, and 
so many of them buried at various depths, under what now 
are soUd rocks, and by what means such a catastrophe 
was effected, are highly important questions in geology ; 
but to these little else than hypothetical answers have 
been, or can be given. Many geological writers of the 
fUTBt class, and especially Dr. Buckland, have attributed 
this destructive calamity to the deluge, described in the 
Scriptures, and especially with reference to the more 
recent species, or those having examples still existing. 
The remains which occur in what geologists have been 
wont to call Diluvial formations, as being the effects of the 
Noachian flood, and particularly those found in various 
caves, are considered of recent origin, when compared with 
the fossils of the Tertiary strata. The latter formations 
no geological writer believes to have been the effects of 
any sudden or temporary diluvium, since the number, and 
often the depths of the strata, are evidence thai these rocks 
are due to often-repeated irruptions of water, sometimes 
at long intervals of time from each other. Besides, these 
formations often contain vast quantities of sea-shells, 
with all their sharp and prominent points remaining per- 
fect, clearly showing that they were not swept together 
by floods, which would have deluded these deUcate 
angles ; but, on the contrary, that they perished, and were 
buried where they are now found, apparently by gradual 
and gentle depositions of sand or mud suspended in still 
water. Such are the strata in which are found the remains of 
quadrupeds, intermingled, not only with marine shells, but 
also with the reUcs of f sh and reptiles ; the entire phenom- 
ena, to all appearance, proving that these formations were 
made in deep sea-water, though at the present day thej' 
may be scores, or even hundreds of miles from the ocean. 
That these accumulations, thus formed in the sea, have 
become dry land by the elevating power of volcanic forces, 
will be shown when we come to speak of volcanoes and 
their effects. 

• Whieh are the most ancient, the diluvial or tertiary fossils ? What are 
the facts to prove that the tertiary strata vrere formed under the sea ? 
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310. The fossil bones of man not found. — ^In addition to 

the above objections to the probability that the extinot 
species of Mammalia owe their final exit to the genend 
deluge, is the fact, that at that period, the earth contained 
millions of hmnan beings, the remains of not one of whom 
have yet been discovered in any of the accumulatums 
attributed to its elFects. We must therefore conclude that 
these extinct races, the remains of which are found im- 
bedded in strata, lived before the creation of our race, and 
perished by some catastrophe, of which our sacred recoidi. 
contain no history. Nor does this supposition present any 
incompatibilit}' with the Mosaic account of the creation. 
since it will be seen hereafter, that from " the beginning, 
when the heavens and the earth were created, down to the 
creation of man, the geologist may claim an indefinite 
period of time, and more than this we think no reasonable 
philosopher would desire for the formation and growth of 
the most ancient stratii. 

In many instances, the appearances are such as to give 
grounds for the supposition that the whole of each extinct 
family perished at about the same period, their remains 
being found in similar strata, and apparently formed at the 
same periods of time, though existing in various and dis- 
tant parts of the earlh from each other. Thus, the trilo- 
bites occur in similar fonnations, wherever they are found, 
indicating that the race perished at the same period, and 
while the same strata wore forming in various parts of the 
earth. The same is'tme with respect to the races of ex- 
tinct quadrupeds. 

311. The Dodo. — It is probable that some races, or at 
least one species certainly, has perished gradually, and with- 
out any known catastrophe. This is the Dodo, a large 
bird, figured and described by many former naturalists. It 
appears that during the early voyages of the Dutch navi- 
gators to the East Indies, this bird existed in various places, 
and particularly on the island of Mauritius, where it was 
not uncommon. Ldnnseus described it under the name of 
Didus. Brooks, in his Natural History^ London, 1783, 
says, the Dodo is a large heavy bird, with short legs, great 
black eyes, large head, covered with a membrane, resem- 

What are the objections to fossila being buried by the deluge ? Have Um 
bones of man ever been found in the fossil state ? What is said of tlit 
ractinction of the Dodo ? 
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Ming a hood, or cowl ; bill, bluish white, of great length, 
sharp and hooked at the end ; bodj covered with feathers, 
much like of those of an ostrich ; legs yellow, with four 
strong toes. He further states, that it is a simple bird, 
swallows stones, and is easily taken. Its flesh is good 
and wholesome, and three or four are enough to dine one 
hundred sailors. 

Mr. Lyell says, that many naturalists gave figures of 
the Dodo, after the commencement of the seventeenth 
. century, and that there is a painting of the bird in the 
British Museum, which is said to have been taken from a 
living individual. Beneath the painting is a leg, in a fine 
state of preservation, which, ornithologists are agreed, can- 
not belong to any other bird. 

That this race has become entirely extinct, appears from 
tJie fact, that after the most active search in the countries 
where it was once known to exist, made repeatedly during 
the last century, no traces of such a bird can be foimd ; 
and Cuvier {Animal Kingdom) says, that the Dodo has 
completely disappeared, nothing remaining of it at present, 
but a foot in the British Museum, and a head in the Ash- 
molean Museum at Oxford. 

312. Animals Extirpated. — This, it is believed, is the 
only instance known to naturalists, where any species of 
animal has become extinct within the historical era. It 
is, however, true, that the increase of the human species 
has, in various countries, entirely extirpated whole races of 
animals, from districts where formerly they were abundant. 
Thus, the beaver, once a native of Scotland and Ireland, 
where it was eagerly sought after for its fur, became ex- 
tinct in those countries during the twelfth century ; and 
the wolf, formerly so much dreaded in Ireland, has for 
more than a century been entirely unknown in that coun- 
try. The bear and wild boar, also once beasts for the 
chase of the royal hunters of Wales, have several centuries 
since entirely disappeared from that country. 

In our own country, many animals, well known to our 
forefathers, have been entirely driven from the more popu- 
lous districts and states. The bear, deer, panther, the 
wild turkey, and perhaps the elk, were all abundant in 
most parts of New England, only a century, or, at most, a 

What animals are said to have been extirpated in Scotland and Ireland? 
What is said of the expulsion of animals from New England ? 

15 
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ceiiiury and a half ago. Now, with the exception of the 
northern districts, where a few of these species are found, 
they are. in the wild state, totally unknown. 

313. The I^son. — And with respect to the Bison, "^heie 
formerlj'.and even within twenty-five years, trayelers infoim 
us their numbers were so great, that the eye could not at 
the same time reach the beginning and end of the drove, it 
is now said that few remain ; and that in large districts of 
country, where, within the memory of the Aborigines, these 
animals were abundant, not one at the present day is to 
be found. This, it is said, is not owing to their change of 
location, but in part to the improvidence of the natives in 
destroying, with their rifles, thousands, of which they 
make use onl^' of their skins in barter with the whites, and 
in part to the eagerness of the hunters of the fiir compa- 
nies to possess themselves of their flesh for food, and thdr 
robes for sale. It is therefore the opinion of well-informed 
persons on this subject, that at the present rate of destruc- 
tion, which is constantly increasing in proportion as civil- 
ization, or rather the arts of destruction, advance in that 
country, the time is not very far distant, perhaps even 
within the present centurj', when not a wild Bison will be 
found within the immense territories now known to civil- 
ized man. If these predictions are true, the time will 
come when the Bison, if not domesticated, will only be 
known to naturahsts as an extinct, or fossil species. 



CHAPTER XXV. 

INDIVIDUAL FOSSILS. 



314. Having given a list of the orders of the Class 
Mammalia, (295,) which are found in the fossil state, and 
having given a general account of fossil quadrupeds (296) ; 
also, the number of species determined by Cuvier (297) ; 
having shown that the extinct species are not varieties of 
those now existing, and pointed out the method of discrim- 
inating fossil bones (303) ; also, how species are distin- 
guished ; and having examined the question whether any 

What is said of the destructicHi of the Biaon 7 
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unknown quadrupeds still exist (306) ; and shown what 
animals were known to the ancients (308) ; having also 
examined the question, by what means did these races 
perish ? (309) ; and stated that fossil bones of our own race 
have never been detected (310) ; and finally, shown that 
one species, the Dodo, had become extinct within the pres- 
ent age, and that the Bison in all probability would ulti- 
mately be known only as a fossil species, we now proceed 
to the examination and description of individual fossil 
mammahans. 

315. Cetacea, {the whale family.) — There are many 
species of this genus, measunng from fifteen or twenty, to 
sixty or seventy feet in length. The family are inhab- 
itants of all climates, from the tropics to the arctic ocean. 
The northern Pacific is at present the great whaling 
ground, where himdreds of ships, of dififerent nations, are 
constantly employed ui their destruction. In 1 846 there 
were, from the United States alone, seven hundred and 
twenty-eight vessels, and upwards of twenty thousand 
seamen employed in this fishery ; and still intelligent cap- 
tains inform us, that although these monsters of the deep 
often change their ground to avoid their persecutors, theii 
numbers do not appear to diminish. 

316. Although there is no danger that this family will 
become extinct, at least during many centuries, yet there 
are perhaps no large animals, at the present day, so liable 
to become fossils, or at least to be entombed in alluvial 
accumulations, as these ; being, it is well known, con- 
stantly exposed, dining storms, to be stranded, especially 
when they happen to stray into unknown waters. 

During easterly storms many such instances have hap- 
pened, within the memory of man, on our coasts ; and Mr. 
Lyell records a list of such accidents on the shores of 
fiitain. These large creatures drawj as the sailors say, a 
considerable depth of water, and when strangers to the 
coast, or out of their reckoning, are liable to run into shal- 
low places, which, happening at high tide, when the ebb 
commences, they become helpless, not merely because they 
are out of the water, (since, as we have already seen, they 
are air-breathing animals,) but chiefly because their new 

What are the Cetacea? What are the s<izes of this family? What cli 
mates do they inhabit ? Where are they chiefly found ? W hat number ol 
■hipa mnd MuJora ? What is said of the stranding of whales ? 



\n F:j««E. KtlCXlXT?. 



Zft fnrfil siria::oti iniiuces sach riolent straggles, as to 
bc-jse "Ji* d*sh :- a ^lir.n^r which, after a while. peifaapB 
KTenl dajs. pn>i i<:<rs :ie:r distraction. If thu misfo- 
:.:'< napxELs m :i.r t-.-:::.::j ot anj inhalnted coast, the 
poor an'mal ls noc aHoweii lo struggle long, but is soon dis- 
patched for hu oiLaz«i the booes left to be buried in the sand 

317. In most instances, the remains of whales are found 
in alluvial acc'^ni'.:lA:>3as near the sea shore, but some ei- 
amples are known where these bones are elevated consid- 
erably above the level of the water. Thus, on the bank 
of the river Forth, in Scocland. Les the skeleton of a whale, 
seventv-three feet long, unbedded in claj, tw«itj feet 
above the highest tide. From circumstances with respect 
to a Roman camp, which was once near the spot, it is sus- 
pected that this aiumal was stranded before the time of the 
Christian era. but bv what means the bones were elevated, 
no one has offered to expIaiiL On the east end of Long 
Island, it is said that the remains of a whale, at a consider- 
able distance from the shore, though but httle above high- 
water, were to be seen within a few veais. The accumu- 
lation of sand, bv the action of the waters of the Atlantic, 
readily accounts for its present distance ftom the shora 

II. FOSSIL B.rXINANTS. 

318. The fossil remains of the cud-€kewerSj as the deer 
and elk, are quite numerous in the alluvial deposits and 
in caves, in many parts of the world The foUowing list, 
although not all ruminants, is stated by >Ir. Lyell to have 
been found in a marl-pit in Farfarshire, in Scotland. 
They all belong to species which now inhabit, or are 
known to be indigenous in Scotland The skeletons of 
several hundreds have been procured within the last cen- 
tury, from five or six small lakes, where shell marl is 
worked Those of the stag {Cervus elepkas) are most 
numerous ; and if the others be arranged in the order of 
their relative abundance, they will follow neariy thus: 
the ox, the boar, the horse, the sheep, the dog, the Aare, the 
fox, the wolf, and the cat. 

By what means such an assemblage of animals, so 
widely differing from each other, came together at this spot, 
it is difficult to imagine. In the greater part of these lake 

What is said of tlie remains of a whale in Scotlandi and on Long Isbnd f 
What are the ruminants 1 
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deposits, says Mr. Ljell, there are no signs of floods ; and 
the expanse of water was originally so confined, that the 
smallest of the above-mentioned quadrupeds, could have 
crossed by swimming from one to the other. 

319. Irish Elk. — But the most celebrated fossil of this 
family, is that known imder the name of the great Irish 
Elk, the bones of which have been found in immense 
quantities in the superficial marl-pits of Ireland, in the 
Ible of Man, and sometimes in England. A skeleton, 
almost entire, discovered in the Isle of Man, in a pit of shell 
marl, at the depth of twenty feet, is six feet high, nine 
feet long, and to the tip of one of the antlers, nine and a 
half feet. Some of the antlers are of such immense size, 
that from tip to tip, as they stood on the animal, they 
measured fourteen feet. 

III. PACHTDERHATA. 

320. These, as already explained, are the thick-skinned 
animals, as the elephants and mastodons. The genera of 
this order, determined by Cuvier, are the following, viz : 
Elephant, Mastodon, Rhinoceros, Hippopotamus, Tapir, 
Hog, Horse, Daman, Pecaris, Phacocheres, Anoplothe- 
hum, PalsBOtherium, and Elasmotherimn. These are 
termed non-ruminant hoofed quadrupeds. 

Genus Elephant. — Of this genus there are three dis- 
tinct species, two of which, the Indian and African, still 
exist, the third having been found only in the fossil state. 

1. The Indian Elephant is found on both sides of the 
Gktnges, and in Borneo, Java, Smnatra, and other Indian 
islands. This species is characterized by an oblong skull, 
concave front, small ears, with grinding teeth marked by 
ribands, or plate-lines, which are waved. 

2. The African species is found near the Cape of Good 
Hope, Senegal, and Guinea. It has a rounded skull, large 
ears, and grinders with lozenge-shaped lines on their crowns. 

3. Fossil, or primeval Elephant, (EUphas primigenius.) — 
This is the mammoth of the Russians. It has an oblong 
skull, concave front, very long bony sockets for its tusks ; 
lower jaw-bone obtuse, grinders parallel, and marked with 
nearly parallel and little waved ribeinds on the crown. 

How large was the fossil Elk of Ireland ? What animals beloneed to the 
tfaick-skini^ order ? How many species of the Elephant ? Where are 
tberfoand? 

15* 
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I'he student ii) ompamti^'e anEktomy will obseirs by 
what ililTiTinces of oasfoua fonn, or atnicture, one speciM 
is se|>nnitt.iJ I'roui iiiiatlRT. Thus, in the above descriptions, 
the ludsil sjN'rios it|i])enr to ditfer from the hviog, chiefly by 
a greuier {irujeclioo of the sockets of the tuaka, and a 
Bmall variutiun in the markings of the giinders and foim 
of the jaw. 




321. This difference will bo beat observed, however, by 
comparing tlie figures of the grinders, a.B shown by Lign. 
65. where that on the left hand, Fig. 1, represents Qie 
under jaw of the living Indian species, and that on the 
right, fig. 2, the corresponding part of the fossil elephant. 
The sides of that of the living species, converge nearly 
together at the lower part, and it has a projecting point at j4, 
furrowed with a long narrow canal. The teeth also con- 
verge, and the inequalities, or ribands on the crowns, are 
waving lines, running obliquely crosswise. The teeth in 
the fossil jaw stand nearly parallel to each other, and the 
canal in front is much shorter and wider, and without the 
projecting point. The ribands, also, in these are not 
oblique, as in the living, but run transversely across th« 
crowns. 

In the two living species, the sockets of the tusks (a/o«- 
oli) do not extend further down than the end of the lower 
iaw, BO that the chin has room to protrude between the 
tusks in a pointed projection. But in the fossil head, on 
account of the great length of the tuak sockets, the lower 
iaw has the appearance of having been truncated, or 

What are the chief iiSenBcct belweea Ibe living and forail ipMira * 
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blunted at its lower end, so as to admit of its being closed 
on the upper one, by means of which the lips come to- 
gether in the act of mastication, contrary to what takes 
place in the Hving species. These, with other differences, 
in the osteology of fossil and hving elephants, which need 
not here be detailed, make it certain that the fossil species 
belonged to a race of animals, none of which are now hi 
existence. 

322. Teeth of the same species alike. — In all animals of 
the same species, and ages, the teeth are precisely alike 
in form and number, and therefore whenever we find merely 
a similarity, and not an identity, in these respects, we may 
know that the species are different, though the genus may 
be the same. The form of the jaw also differs, more or 
less, with that of the teeth. ^ 

323. The fossil most nearly resewkbled the Indian Ele- 
phant. — The fossil elephant more nearly resembled the 
Indian, than the African species, but differed from both in 
the form and markings of the grinders, as above shown ; 
also, in the great size of the tusks, and especially in the 
projection of the tusk sockets, as shown by Lign. 66, a. 
This last peculiarity must have very much modified the 
figure and organization of the proboscis, ar.d given to this 
elephant a physiognomy, differing much more from the 
other species, than might be inferred from the small differ- 
ence in the general structure. Its size was about that of the 
Indian elephant, say from ten to thirteen, and even some- 
times sixteen feet in height. The grinders of this species 
are ten or twelve inches long, and have twenty-four rib- 
ands, or enameled plates, raised above the surface, and 
crossing their crowns. 

Great number of fossil Elephants' remains. — The bones 
of fossil elephants have been found in many different 
countries, and sometimes at several localities in the same 
districts. In nearly every part of Siberia, as high as lati- 
tude 65^, wherever a river happens to undermine its banks, 
the bones of these animals are discovered. In some places, 
they have been found in such abundance, that large quan- 
tities have been transported to other countries, as a valua- 
ble article of commerce. Indeed, it is said, that at the 

What difference can you show between the jaw-bone of the recent and 
fossil elephant? What difference in their grinderv? What was the sise 
of the fossil elephant ? How large were the grinders in this species ? 
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present day, a considerable portion of the ivary employed 
in the arts, is of the fossil variety. Of cotuse, these axe 
not petrified. 

324. Found in the vale of the Amo. — ^In the valley of the 
Amo, near Florence, in Italy, so great was the accumula- 
tion of these bones, that it is said the inhabitants formerly 
used them in making fences between their fields. These 
bones, tusks, and grinders, are also found in France, in 
Grermany, in nearly every part of Italy, where a morass, 
marsh, or gravel-pit is opened ; also, in the Netherlands, 
Holland, Russia, Bohemia, in many parts of England, and 
in the northern parts of North America. A remarkable 
locality of these relics was many years since discovered 
at Thiede, near Wolfenbutel, in Germemy, where eleven 
tusks and thirty grinders were disinterred, within a short 
distance of each other. One of these tusks was fourteen 
feet eight inches long, and bent into a perfect semi-circle. 
In nearly every gravel-pit around London, the bon«8 of this 
species are found. 'J 'hey have also been discovered in 
many other localities, in various parts of Great Britain. 

325. These discoveries prove, beyond doubt, that this 
race of animals must, at some former period of the world, 
have been exceedingly numerous ; and that they inhab- 
ited nearly every portion of the earth. At present, this 
genus is found in hot, or temperate regions only. Whether 
the temperature of the earth differed at the time when 
these animals perished, from what it now is, can only be 
inferred from many circumstances respecting plants, as 
well as animals; and from all of which, several geological 
writers have concluded that our terrestrial abode, more 
than one half of which is now clothed in ice for at least 
half the year, once, every where enjoyed a , tropical 
climate ; and that organic nature, instead of lying dormant 
during a considerable portion of the year, flourished perpetu- 
ally, enjoying a perennial spring. {See change of climate.) 

326. Formations in which these bones occur. — The mam- 
malia, though sometimes found in strata mixed with sea- 
shells, being probably drifted into the sea by land-floods, 
are more commonly disinterred from the most recent for- 
mations, as the alluvial or diluvial accumulations, or what 

What is said of fossil ivory ? How widely are the remains of the fossil 
elephant found? What do these discoveries prove? What are the forms* 
tions in which fossil elephants occur ^ 
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8ome writers at present call drift In many instances, 
the localities of these bones, were evidently once ponds, or 
lakes, or perhaps peat-bogs, mto which the animals were 
driven by floods, or venturing too far, perhaps, for drink, 
sunk into the mud, and there perished. Some of these 
remains are also found in tertiary Umestone strata, of the 
more recent epochs ; but no quadrupeds of this class have 
occurred in the more ancient formations with the early 
shells or plants. 

327. Elephant preserved in ice. — In the summer of 
1798, a fisherman discovered, at the mouth of the river 
Lena, in Siberia, a dark-colored mass projecting from the 
ice, which attracted his curiosity; but being far above his 
reach, he could not determine its nature. The next year, 
going to the s^me place, he found that the mass had been 
partly disengaged by the melting of the ice around it ; but 
still the man was unal)le to decide what it might be, as it 
was more than one hundred feet above him, and inacces- 
sible to his approach. The man continued to pay yearly 
visits to the spot, but was unable to determine what he 
had discovered, until 1803, during the summer of which, 
it fell down on a sand beach of the Arctic ocean, so as to 
be examined. 

The fisherman now obtained a prize ; for having de- 
tached the two tusks, he removed and sold them for fifty 
roubles. The fiesh of the huge animal had undergone no 
decomposition, having been almost entirely surrounded by 
the frozen mass, until nearly the time of its fiiU. 

The fisherman having made known his discovery, nu- 
merous persons visited the spot from curiosity ; but it does 
not appear that any one who appreciated such a phenom- 
enon, or who was disposed to report the circumstances to 
the world, saw it until 1806, three years after it had fallen, 
when Prof. Adams, of St. Petersburg, went to the spot. 
It^till remained on the sand, but the body was then much 
mutilated, the people in the vicinity having carried away 
large quantities of the flesh to feed their dogs ; nor had the 
white bears failed to regale their appetites on this ante- 
diluvian delicacy. The skeleton, however, remained quite 
entire, with the exception of one of the legs and the tusks. 
The head remained covered by the skin, and the pupils of 

What circumstances are stated of an elephant preserved in ice 7 
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the f.yea were still to be distinguuhed. The brain, oa 
opening the skull, was found not quite filling its ctkvity, 
being somewhat dried. One of the eare woa well pre- 
sen~ed, still retaining its fonn, with the long hair which 
grew upon it. 'I'his finimal was a male, and bad a mane 
of considenible length, still on the neck. 

'i'he skin, when doiached, was so heavy, that ten men 
remoi'ed it with difficulty. More than thirty pounda of 
hair and bristles of this anunal, were gathered from the 
beach, where it had been left and trampled upon by the 
white bears, when tearing and devouring the flesh.' The 
hair was of three kinds, viz: stiff black bristles, a foot long, 
coarse hair, of a reildish color, and a woolly coveting next 
the skin, of the same color. 

The skeleton of this elephant was taken to St. Peten- 
burg. and the tusks haring been ptpcured, the whole was 
set up in the Museum of that city, where it remains to the 
present time. The head and tusks of this animal are rep- 
resented by Lign, 66, as drawn up by Mr. Stokes, who also 
gives the description as above detailed, in the Ed. Quar. 
Journal, First Series, p. 9C. 




328. Size and form of the tusks. — It will be observed 
that these tusks are of enormous length, and that they 
form nearly a circle, differing greatly, in form and mxe, 
from (hose of the elephant of the present day. The pro- 
How do the tutluoftlw fonil differ frmn duw* of tha liTing alafiiBiit' 
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jeciion of the tusk sockets, marked a, may also be observed, 
and which, as already noticed, are peculiar to this species. 
This skeleton is about 9j feet high jind 16} feet long; 
and when it is considered how much the cartilages, flesh, 
and skin, added to his height and dimensions, it must be 
obvious that this animal was of enormous magnitude. 

329. Rhinoceros preserved in ice. — The hair with which 
the above-described elephant was covered, would seem 
to indicate that it was fitted for a cold climate ; and in 
addition to this instance, Prof Pallas records the fact, 
that on the bank of one of the tributaries of the Lena, 
there was discovered an entire Rhinoceros, well preserved, 
and covered with hair, which was particularly long about 
the feet, the whole forming a warm covering, like that of 
an animal prepared for a cold cUmate. 

330. Different species fitted for hot and cold climates. — 
From the above circmnatances, it has been argued by some 
naturalists, that the bones of the great quadrupeds found 
in all chmates, and of genera which now inhabit only hot 
ones, were of species so different from the latter, that they 
were fitted for the cold climates where their remains are 
found ; and hence, that it is unnecessary to suppose that 
they were either transported from warmer climates, or that 
the climates where their bones are now found, have suf- 
fered any change. But there is a difficulty in this theory, 
since, if Siberia was never warmer than at present, it is 
impossible to believe that it should have ever produced a 
quantity of vegetation, sufficient to have supported such 
herds of enormous animals, as their bones now indicate, 
even during the summer, and much less during the eight 
winter months of that climate. 

331. Genus Mastodon. — The name comes from two 
words, which signify a "little hill" and a "tooth," in allu- 
sion to the prominences or tubercles, which the crowns of 
their grinders present. The form of this crown is similar 
to that of carnivorous animals ; and hence, when little was 
known of fossil bones, it was supposed that the Masto- 
don had been a flesh-eater, an error fully refuted by Cuvier. 

The form of the Mastodon's grinder is represented by 
Lign. 67, the tubercles, or hilly points, being a little worn 

What is the sixe of this skeleton What theory has been formed, with 
respect to the hairy covering of the elephant and rhinoceros ? What does 
Mastodon signify ? 
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tfumbrr oftpeeiea. — The entire geatu maatodon, popu- 
larly called mamtnotk, U extinct; but from their bonsf, 
Baron Curier detennined six species, viz: 1. The great 
Mastodon. 2. The Mastodon with nanow teeth. 3. 'Hie 
Mastodon of the Coidilleraa. 4. The MaHtodon of Hum- 
boldt. 5. The small Mastodon. 6. The Tapiroid Masto- 
don. To these Mr. Clift has added two others, making, 
in the whole, eight species. It appears that some, if not 
all these species, were widely different from each othei, so 
that in most cases the bones of one species only are found 
in the same countiy. 

The largest animal of this family has been found on^ 
in North America, viz : the Mastodon masimus, but no other 
species has occurred in this countiy. It appears from iti 
remains, that this species was common in all the south 
and west parts of the United States ; its bones having been 
found in viirious places in Kentucky, Ohio, Alabama, New 
York, and, it is said, as far east as BerUn, in Connecticut. 
I'ho best preserved, or most perfect skeleton, except that 
found at Newburgh, is that set up in Peale's Museum, 

HownMjipwimofKutiidMT Wbanfandt 
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Philadelphia, which is 11 feet high and 15 feet long. 
This was found in Orange county, New York. The relics 
of the other species are found in Europe, especially Ger- 
many and Italy; also, in South America and in India. 




Mastodon Mazunxis. 

Mastodon Maxdius prom Newburgh. — ^A larger and 
more perfect skeleton of the Mastodon maximus, of Cuvier, 
than any hitherto discovered, has been disinterred from a 
marl-pit, near Newburgh, Orange county. New York. The 
following account of this magnificent specimen of the 
ancient meunmalia of our country, is derived from the 
^American Quarterly Journal of Agriculture and Science^^- 
of which Dr. Emmons, of Albany, and Dr. Prince, of New- 
burgh, are the conductors. 

The skeleton was found by the workmen in the marl- 
pit, in August, 1846, and at the close of the second day 
they had succeeded in exhuming the entire skeleton, with 
the exception of the toes of one foot, which were probably 
carried out with the marl. 

The marl-pit is of small dimensions, and consists of a 
bottom of deep mud, on which lies the marl, then moss, 
and peat at the surface. The bones lay under the moss 
and peat, and only about seven feet from the surface. The 
back of the skeleton was upwards, and the whole position 
was that of an animal which had perished in ineffectual 
struggles to extricate itself from the mire. 

The most curious and interesting of this part of the nar- 
rative, is the finding, in the midst of the ribs, imbedded in 
the marl, and unmixed with shells or carbonate of lime, a 
mass of matter, composed principally of the twigs of trees, 

16 
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broken into pieces of about two inches long, and vaiying 
in size from very small branches, to those of half an inch 
in diameter. There was mixed with these, a large quan- 
tity of finer vegetable substance, like finely divided leaves, 
the whole amounting to from four to six bushels. This 
was undoubtedly the contents of the stomach, the same 
material being found to the distance of three feet in the 
direction of the last intestine. This being the only in- 
stance in which such a discovery has been n^ade, it proves 
at once the herbivorous character of the genus, and the 
comparatively recent period of its destruction. 

Osteological Description. The skull. — The bones of the 
skull are of enormous size, and in a fine state of preserva- 
tion. The width, 2 feet 9 inches. The orifice for the 
spinal marrow, 3j inches in diameter. The frontal -bone, 
between the orbits of the eyes, is 2 feet 4 inches wide. The 
cavity of the brain is small, occupying only the lower part 
of the skull. Between the origin of the tusks is a cavity 
as large as that of the brain. Length of the head, 4 feet 
1 inch ; weight, with the tusks, 694 pounds. 

The Tusks. — The insertion of the tusks into the inter- 
maxillary bones, is 2 feet 5 inches, extending quite back 
to the orbits. Tusks, 1 OV feet in length, and 2 feet 1 inch 
in circumference where they enter the socket. "With re- 
gard to the direction of the tusks," the authors say, "we 
are convinced from observation of a number of skulls, that 
their direction is as accidental as the horns of cattle. 
Some follow the first curve downwards and outwards, the 
points in one which we have seen being eleven feet asun- 
der. In the skull of this skeleton, they first curve down- 
ward and outwards, till they are seven feet apart, when 
they are bent inwards and slightly upwards, till they ap- 
proach at the points within two feet of each other. The 
socket of the tusks is curved and flattened, so that it was 
impossible for the tusks to have turned in them during the 
decay, as is supposed by many to have been the case." 

In the end of the lower jaw, and on the left side of the 
commissure, or junction of the two bones, is a small round 
tooth, or rudimental tusk, eleven inches in length, and one 
inch and a half in diameter, inserted into a socket seven 
inches deep. On the other side is a partial socket, as 
if another tooth had been there. These rudimental tusks 
show that the animal was a male. (See 336.) 
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The Neck and Back. — The bones of the neck are seven ; 
of the back, nineteen, and of the loins, three. The first 
■even bones of the back are characterized by very long 
8]nnous processes, the longest measuring two feet. 

The Ribs. — These are forty in number, twenty on each 
side, the longest measuring 4 feet 7 inches. 

The Scapula, [shoulder-blade.) — This is 2 feet 10 inches 
long, and 2 feet 9 inches wide, having a long sharp acrom- 
ion process. 

The Pelvis. — This large bone, to which the femur or 
thigh-bones are attached, measures 6 feet 1 inch across. 

The Femur, (thigh-bone) is 3 feet 10 inches long, and 17 
inches in circumference in. the middle. Its head is 2 feet 
in circumferenca 

The following are the dimensions of the entire skeleton : 
Length in a straight line, .... 20 feet. 
Length by the curve, ...... 29 " 

Height of the head, 12 " 

Height of the back, 10 « 

Width of the pelvis, ...... 6 " 

Length of the tusks, ...... 10 " 

Weight of the whole skeleton, 2,000 pounds ; estimated 
weight of the animal, 20,000 pounds. 

I'he above account shows this to be by far the most 
perfect, as well as the largest skeleton of the Elephant 
genus yet discovered. That it was the Mastodon maxi- 
mus, or giganteus of Cuvier, which belongs to the Elephant 
feonily, the above description sufficiently proves. The 
rudimentary tusks in the lower jaw (336) appear to be 
characteristic of the American species, and by which it is 
distinguished from all the others determined by Cuvier. 

332. First account of the Mastodon. — Dr. Ure states that 
the first notice of what afterwards proved to be the Masto- 
don, is contained in a letter from Dr. Mather, in America, to 
Dr. Woodward, of London, dated 1712, intimating that 
bones and teeth of enormous magnitude had been discovered 
at Albany, and which he supposed to be those of giants. In 
1767, several chests of these remains were sent to Lord 
Shelburne, and examined by the celebrated Dr. William 
Hunter, who gave the first scientific description of them, 
pubhshed in the Phil. Transactions, for 1768. 

Where is the Mastodon first mentioned ? What species in this country f 
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333. Great numbers found ai Big-Bane Uek. — ^The 
most remarkable locality of these remains in this, or pio- 
oabl^' an V other count nr. is at Big-Bone liek^ in Kentuckj. 
At this place the bones are found imbedded in dark-cd- 
ored mud and gravel, which appears once to have been a 
bog or marsh, llie water here is brackish, owing to the 
vicinity of salt-springs : and the great number of hig bane^ 
are those of the animals which came to tick the salt, and 
perished in the mire of the vicinity. A traveler who vis- 
ited this place more than eighty years ago, saw portions of 
the bones of more than thirty manmioths, as they were 
then called. Recently it has been estimated that the 
skeletons of more than 100 mastodons, and 20 elejdiants^ 
have been carried from this vicinity, Very few of these, 
however, were entire, some wanting legs, some heads, &c 

334. iSize. of the Slastodon. — The great Mastodon ap- 
pears to have been about the size of the Indian elephant; 
and in external appearance it probably did not differ mate- 
rially from that animal. Its trunk, tusks, and feet, and 
the whole skeleton, appear to have been identical with 
those of the elephant, the chief difference being in the 
dental system, which, with respect to the grinders, has 
been above illustrated and described. 

335. Dental System of the Mastodon, — Cuvier made some 
curious discoveries with respect to the teeth of this ani- 
mal. The number of grinders in the adult, as before 
stated, was four in each jaw. Of these, the two front 
ones, in the upper jaw, have six points, and the other two 
in the same jaw have eight points, Lign. 67. In the lower 
jaw, the two anterior ones have also six points, and the 
posterior ones ten. But it appears that the great Mastodon 
had, successively^ at least four grinders on each side of 
its two jaws ; though, as in the elephant, these teeth never 
all appeared at the same time. Their succession took 
place, in both animals, from behind, forwards. When the 
posterior grinder began to cut the gum, the anterior one 
was greatly worn, and ready to drop out. In this way, 
they replaced each other. There does not appear to have 
been ever more than two on each side at the same time, in 
full exercise, and in old age, only one. Thus the effective 

What is said of the number of Mastodonn at Big-Bone lick ? Why is 
this place so called ? What was the size of the Mastodon ? What is said 
of UuB dental system of the Mastodon ? 
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number of grinders in youth was eight, but in old age 
only four. The large ones weigh from 10 to 12 pounds 
each. 

336. In the British Museum^ there is a series of .speci- 
mens, illustrating the dental system of the fossil elephant 
and the mastodon. From these it is proved that these two 
animals can hardly be regarded as distinct genera; for it 
is said the dental organs present every modification of 
structure, from the tubercular prominences on the grinder 
of the mastodon, to the waved ribands of enamel on those 
of the elephant. This collection, it is said, also demon- 
strates that all the bones and teeth, apparently, of several 
species, and, as some have supposed, of distinct genera, 
belong but to one grand Mastodon, the M. giganteus of 
Baron Cuvier; it also proves that the young mastodon had 
a pair of tusks placed horizontally in the lower jaw ; and 
that but one of these was developed in the adult, and that 
only in the male. M. C. p. 831. 

Thus did the young mastodon present the singular spec- 
tacle oi four tusks: and it was from this circumstance 
that an American naturalist proposed a new genus, to be 
called Tetracaulodon, in allusion to its number of tusks. 

337. Genus Hippopotamus, {river-horse.) — There is 
only a single species of this animal existing. It is am- 
phibious in its character, inhabiting the large rivers of 
Africa, and feeding on the vegetables along their shores. 
When full grown, it is exceedingly unwieldy and dis- 
gusting in appearance, being about 12 feet long, 5 or 6 
feet high, and very thick set. The fossil species deter- 
niined by Cuvier, are two, and perhaps three ; all much 
smaller than the living, one being only about the size of a 
wild boar. 

There is a peculiarity in the grinders of this animal, 
which appears to distinguish its dental system from all 
others. The lineaments of the crown are three-lobed, or 
trefoil-like, as shown by Lign. 68, being the form of the 
second grinder on the left side. This singularity will 
make the teeth of this genus readily known. This tooth 
is seven-ninths of the natural size, the roots being con- 
cealed by a portion of the jaw. 

What is said to be proved about the several species of Mastodon ? "What 
18 said of the four tusks of this animal ? What peculiarity in the grinder 
irf'the Hippopotamus 7 
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The lemains of xixis genus are not nearly eo numenna 
as those o( the elphnr-t, [hauzb in Tuscanj, canaidenibk 
numbers have been lounil. They have also occvaiEd in 
nererut parts of En^bnil. particularly in the IGrkdala 
cave. Perhaps the paucity of these bones may bo >G- 
counied for. by the circumstance of the amphibioua halnta 
of this animal and their inability to wander to any great 
distance from the shore, so that (heir remains might have 
been more e:(posed than those of the elephant to have been 
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Genus RmsocERos, {homrd-nowA — There are 
three esistins species of this genus. 1. That of India, 
with a single horn on the nose, and a ruj^ous. plaited skin ; 
the cuiting-leelh beinir separated by a space from the 
grinders. -2, Th,it of the Cape of Good Hope, with two 
horns, the skin smooth, without folds, and no cutting-teeth. 
3. That of Sumatra, wiih two lioms. the skin but slightly 
rugous, thus resemblina: that of the Cape, but having cul- 
ting-teeth hke that of India. 

On comparing the teeth of the existing species with 
those found in the fossil state. Cuvier determined thai they 
were so different as to constitute another species of this 
animal, and whose remains are now to be found only in 
the fossil state. 

The remains of the extinct rhinoceros were firet discor- 
ered in sinking a well near Canterbury, in England, seven 

What ia the meuing of RhiiH>cei«r 
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teen feet below the surface ; since which, its bones have 
been found in various parts of England, Giermanj, an<l 
Prussia. 

339. Megatheehik, (a huge wild beast.) — This has here- 
tofore been the most rare of all the ^reat fossil quadrupeds. 
The firat skeleton was sent from Buenos Ayres, in South 
America, to Madrid, in 1789, where it was set up in the 
Royal Cabinet, in the manner which has since been fol- 
lowed by Mr. Peole, of Philadelphia, with respect to the 
mastodon, and Prof Adams, of St. Petersburg, in preparing 
the Siberian elephant, as already described, 

A minute description of the Megatherium, was pub- 
lished soon after it was mounted, illustrated bj five cop- 
perplate engravings. This appears to be the only entire 
skeleton yet discovered, and is represented by Lign. 69. 







SkBletoa of the Uegatheni 



Dr. Buckland, in the Bridgemaler Treatise, has described 
this animal, in more than twenty pages, with numerous 
figures. In its osteology, it is allied to the Sloth, present- 
ing an apparent monstrosity of form and structure, which 
have greatly perplexed the fossil osteologists who have 
attempted to describe the habits of the animal from its 



.ning of UeEUheriumT Where fim round; 
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anatomical structure and propcntknis. It was BUpposed, 
like the Armadillo, to have been covered with a bony armor 
or shield, of an inch or two in thickness, fragments of 
which were found with the bones of the animal 

*^ A covering of such enormous weight," sajs Dr. Bock 
land, ^ would have been consistent with the geneial stnio- 
ture of the Megatherium: its columnar hind-legs and 
colossal tail were calculated to give it due suj^port ; and 
the strength of the loins and ribs, being very much greater 
than in the elephant, seems to have been necessaij for 
can^'ing so ponderous a cuirass as that which we suppose 
to have covered the body." Bd. p. 127. 

It seems, however, that this animal was not destined to 
cany such a burden : further inquiries, and the discovery 
of other remains to which it appears these bony coverings 
belonged, having shown that it was not the Megathernmi| 
but a colossal animal, called, by Prof Owen, Glyptodon, 
which wore the shield in question. 

The remains show that the Megatherium was an ani- 
mal of enormous size and strength. The length of the 
skeleton is 12 feet and the height 8 feet The fore-feet 
are a yard in length and a foot wide, terminated by claws 
of corresponding size. Across the haunches it measures 
5 feet, and its thigh-bones are about three times as laige 
as those of the elephant. 

340. Habits of the Megatherium. — With respect to th6 
habits of this huge animal, its teeth showed that it hved 
on vegetables, while its claws indicate being constructed 
for digging ; that it most probably lived on the roots of 
trees, and, if so, perhaps it burrowed in the earth. What 
a phenomenon to the imagination at the present day! — an 
animal, larger than an elephant, running along under 
ground, like a mole, leaving a path behind large enough 
for a horse and wagon to follow, and perhaps at the same 
time throwing up a ridge on the surface that would stop 
the career of a stage-coach ! If he only burrowed hke a 
rabbit, what a moimtain of earth he must have thrown out I 

The length of the neck proves that this animal had 
neither tusks nor proboscis, like the elephant and masto- 
don ; since it could not have supported so heavy an appa- 
ratus at such a distance from the body. 

What ii said of the armor of the Megatherium ? What of its habits f 
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341. Meoalonyx, (great-clawed.) — So named from the 
size of its claws. 

This is another of the lost animals of the former world. 
It belonged to the same genus as the megatherium ; but 
Ouvier, on comparing their bones, found that they were of 
a different species, the latter being in all respects like the 
fimner, except that it was only one-third the size. 

The bones of this animal were found in Green-Briar 
comity, Virginia, much decayed, and only suflScient to 
form a small part of a skeleton. 

342. Mylodon, {molar-tooth.) — This is the name by 
which Prof Owen has distinguished an animal, the bones 
of which were found in the vicinity of Buenos Ajnres. 
They were at first supposed to belong to a species of 
Megalonyx, but it appears, from its osteology and dental 
structure, to be more nearly allied to the megatherium. 
The skeleton is nearly entire, only a few bones being 
absent, these probably having escaped the search of the 
collector. It measures eleven feet from the skull to the 
extremity of the tail, the latter being three feet in length ; 

^the circumference of the trunk, aroimd the tenth pair of 
ribs, is nine feet nine inches. 

From certain peculiarities in the skeleton of the Mylo- 
don, Prof Owen assigns to this creature the task of up- 
looting and felling trees, and then feeding on the foliage 
of the forest it has laid prostrate. A remarkable develop- 
ment of the substance of the bones of the skull is pre- 
sumed to have been a provision against the fatal effects of 
a fracture of the cranium, to which the Mylodon, from its 
uprooting propensities, is conjectured to have been pecu- 
liarly exposed ; but it seems that this provision was not 
always a suflScient guard, since the skull of the animal 
bears proof of having been twice fractured, from both of 
which it recovered. " Whoever looks at the skeleton," 
says Dr. Mantell, "will perceive that the fore-feet are 
achnirably adapted for seizing and wrenching off the 
branches, and the hind-feet for clasping jhe trunk of a 
large tree ; and there is nothing to forbid the supposition 
that the animal might have obtained a constant and ready 
supply of food by climbing up the stem to a sufficient 
height, and wrenching off the branches." M. C. p. 874. 

"What is the meaning of Megalonyx, and where was it found? What 
does Mytodon mean, ana what were the habits of this animal 7 
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343. RoDENTiA, {gnawers.) — Dr. Buckland found the 
fossil remaias of several of this order in the Kirkdale cave, 
as the Rabbit, Mouse, and Water-rat. The bones of the 
Beaver and Porcupine have also been discovered. 

344. Marsitialia. (from marsupium, pouch, in which 
this tribe cany their young.)— The Opossum and Kan^- 
roo are examples. The fossil remains of animals, allied 
to both of these species, have been found in France and 
England. At present the Kangaroo is exclusively a native 
of New Holland, and the Opossum of North America. 

345. CvRXivoRA, {flesh-eaters.) — The fossil bones and 
teeth of numerous species of this order have been discov- 
ered in fissures and caverns in various countries. In most 
cases, they have been found in the same caverns with the 
remains of many other animals, as will be seen from the 
account which follows. 

BONE CAVERNS. 

346. Dr. Buckland. long since, made the subject d 
osseous caverns highly interesting and instructive, by the 
publication of his great work, ReliquuB DUuvianm. Before 
the appearance of that work, little was known on the 
subject ; nor did geologists consider the fossils found in 
such situations as legitimate objects of inquiry, being, as 
was supposed, of modem origin. It is true, that the 
remains of some animals, found in caves, had occasionally 
attracted notice ; but no one appears to have inquired how, 
or by what means, they could have found their way to 
such places : nor was it until after the celebrated cavern 
of Kirkdale was discovered, and its contents described, 
that other caverns became the subjects of geological 
investigation. 

After the description of that cave, notices of others, con- 
taining bones, have become so numerous, that we have not 
room even for a catalogue of their names and places ; and 
there is no doubt but these will ultimately be the means 
of producing a body of geological evidence of much im- 
portance. 

Caverns common in limestone formations. — It appears 
that most, if not all, extensive limestone formations con- 
tain caverns, some of which are of great extent, and have 

What are the Rodentia? Wliat the Marsupialia? What the Camivorat 
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long been admired for the brilliancy of their stalactites, 
and the pillar-like forms which they present. The island 
of Crete contains a great cavern, which has long been the 
wonder of travelers ; and throughout the whole island, 
Toumefort says, there is a world of caverns. 

347. KmKDALE Cavern. — This cavern, in which such 
quantities of organic remains were found, is situated in 
Yorkshire, England. It was first discovered by some 
workmen in 1821, its mouth being then nearly concealed 
by stones and earth. On removing these, and exploring 
the interior, there was found a cavern, 240 feet in length, 
14 feet high, and from 7 to 3 feet wide. The rock being 
of limestone, its roof was covered with hanging stalactites^ 
and its floor, in many places, incrusted with stalagmites, 

{Stalactites are formed by the percolation of water 
through limestone rocks, by which calcareous particles 
are dissolved, and subsequently left by the evaporation of 
the water oq the interior of the cavern ; where the water, 
dripping down, and leaving these particles, they ultimately 
form stones, exactly in the shape of icicles, which are 
often increased to a large size by the deposition of stony 
particles in concentric circles.) 

{Stalag7nites axe formedhy ihe water which falls from 
the stalactites to the floor of the cavern, where by evapo- 
ration it deposits its calcareous matter. Sometimes the 
banging stalactite and the rising stalagmite meet each 
other, and, joining, form pillars, whicli extend from the 
Upor to the roof of the cavern.) 

The floor of the Kirkdale cavern was covered with a 
tjoat of soft mud and loam, about a foot thick, and in this 
were found the bones of various animals. These were in 
a high state of preservation ; and, though broken, none 
appeared as though they had been worn by the action of 
water or sand, which would probably have been the case 
had they been drifted there in the naked state.. 

The genera of animals to which the bones in this cavern 
belonged, amounted to 23 in number, viz : Hyena, Tiger, 
Bear, Wolf, Fox, Weasel, Ox, Elephant, Rhinoceros, Hip- 
popotamus, Horse, Deer, (three species,) Hare, Rabbit, 
Water-rat, Mouse, Raven, Pigeon, Lark, Duck, and Par- 
tridge. 

What is a Stalactite, and what a Stalagmite? How were they formed f 
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A great propOTtx>n of these animala belonged to specira 
2107 s'jLppfejts^i :o be extinct, though the genera of them all 
are s:ill ex-s:::.g 

34 S Thts caif, a dtn of Hyenas. — On examination of 
all the circuLL^Tar.ces. Dr Buckland came to the conclu- 
sion that this cave was once a den of Hjenas, and that 
the multitude of bones thus discovered were earned into 
this place bv these animals, and therefore that the hjena, 
an animal now mhabiting onlv the hottest climates, once 
hved in England. 

These bones were, without exception, broken or gnawed, 
so that among the vast numbei^ the cave contained, there 
could hardly be found all the pieces of a single limb, much 
less an entire skeleton. The great number of hyenas 
which had died in this cave, or whose skulls had been 
carried there, was proved by the great number of canine 
teeth which it contained. 

Dr. Buckland states that one collector obtained more 
than 300 of these teeth ; and as each individual has onlj 
four of this kind, these must have belonged to at least 75 
of these animals. But from the number of such teeth 
found, besides the 300. and other circiunstances, it was 
judged that not less than 200 or 300 hyenas had either 
perished in this cave, or that these heads had by some means 
been carried into it. Hence, it was concluded that this 
cave had been, for a long series of years, a den of hyenas, 
and that these bones were carried there for their food. 

349. Immense power of the jaw of the Hyena, — The im- 
mense power of the jaw, which these animals possess, 
enables them to break and masticate bones in a mannar 
which no other animal can do. When they attack a dog, 
it is said they begin by biting off his leg at a ^ singM 
snap." After a part of his work on this subject was writ- 
ten, Or. Buckland had the satisfaction of seeing a Cape 
Hyena, in confinement, crush the thigh-bone of an ox, in 
a manner which convinced him that the bones in the cave 
had undergone a similar operation. The animal bit off 
all the upper part of the bone, which he swallowed in the 
shape of fragments, licking out the marrow from the cav- 
ity. The lower part, being exceedingly hard, he did not 



How many species of bones were found in the Kirkdale cavern? 
is it supposed tnese bones came in that cave ? 



How 
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etit ; and with it Dr. B. compared the fragments of similar 
bones found in the cave. His words are : " 1 preserved a'J 
the fragments, or gnawed parts of this bone, for the sake 
of comparison by the side of those I have from the ante- 
diluvian den in Yorkshire ; there is absolutely no differ- 
ence between them, except in point of age." 

(Under " Change of Climate" will be found further proof 
that Hyenas once inhabited England ; at present, ve re- 
BUiae the subject of Bone Caoerfis.) 

SoO. Gaylenbetith Cavekm. — In Germany, there are 
Daa=y caverns in which bones have been found ; but among 
these, that of Gaylemeuth has attracted most attention, 
on account of its great extent and beauty, aa well as the 
cumber of fossils it contains. This cave is situated in 
FKuiconia, and in the same neighborhood with several 
Others, all of which have been described by Prof Goldfuss, 
of Uonn, in a treatise expressly devoted to this subject. 




The gateway, or entrance to this cavern, is seven and 
a half ieet high, and faces towards the east ; and of this 
wonderful place Dr. Buckland gives the following account. 
The adjoining Lignograph is a diminished copy of that 
di&wn by him. 
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The first grotto turns to the light, and ia upwards of 
eighty feet long ; being divided into four parts bj the un- 
equal height of the vaulted roof. On the bottom of this 
part there is an orifice, only two feet high, which leads to 
the second grotto. This runs first to the south, for sixty 
feet, being forty feet wide and eighteen high ; it then turns 
to the west, through a space of seventy-five feet, becoming 
gradually lower, until its height is only five feet The 
passage to the third grotto is very incommodious, winding 
through several corridors, being thirty feet wide and only 
five or six high. The loam on this floor is hterally stuffed 
full of teeth and jaw-bones. Near the entrance of it is a 
gulf, of fifteen or twenty feet wide, into which visitors de- 
scend by a ladder. After going down, they arrive at a 
vault, fifteen feet in diameter and thirty in height ; and on 
the side on which they descend is another grotto, all over 
bestrewed with bones. By going a little further still, you 
arrive at a new grotto, forty feet long, and a new guli^ 
eighteen or twenty feet deep. Even after this descent, 
another cavern presents itself, forty feet high, quite cov- 
ered with bones. Another passage now leads through 
several caves, arcades, or grottoes, to the last and laigest 
room, which is eighty-three feet in width and twenty-four 
in height, more copiously furnished with bones than any 
of the others. 

A rift in the third grotto disclosed, many years since, 
another cave, fifteen feet long, by four wide, where the 
greatest number of Hyenas' and Lions' bones were found. 
The aperture to this room was much too narrow for the 
entrance of these animals. A peculiar tuimel, which ter- 
minates this cave, afforded an incredible number of the 
skulls of the above-named animals, quite entire. 

The excavation on the extreme right, and lowest parts 
of the figure, does not belong to the original cavern, but 
has been sunk for the purpose of finding bones. Several 
cavities have been dug in dif^rent directions from this well, 
for the same purpose, in one of which there is the fig^ure 
of a man holding a torch. 

351. Species of animals to which these bones belonged, — 
Vast quantities of the remains of animals have been col- 
lected from these caverns ; and, from careful inspection, 
Cuvier determined that about three-foiurths of them be- 
longed to the Bear, and that next in number were those 
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of Hyenas, Foxes, Wolves, Gluttons, and Polecats. A 
few only of the Lion or Elephant tribes have been found 
in these caverns. 

352. How came these bones in the places where they were 
^ound? — The first question one would ask, after reading the 
above account, would be, ^ how the bones of so many dif- 
ferent animals found their way to such a place ?" But it 
is obvious that the answer to this question must depend 
on conjecture alone. The following are Cuvier's conjec- 
tiures : ** It is scarcely possible," says he, " to imagine any 
other than the following general causes, that can have 
placed these bones in such quantities in these caverns. 
First, they are either the remains of animals, which dwelt 
and died peaceably in these chambers ; or, Second, of ani- 
mals which inundations and other violent causes carried 
in ; or, Third, of animals which had been enveloped in 
stony strata, whose watery solution produced the caverns 
themselves, the soft parts of the animals being washed 
away by the agent which scooped out the mineral sub- 
stance of the caves." 

The last hypothesis is refuted by the circumstance, that 
the strata surroimding the caverns contain no bones ; and 
the second, by the entire state of preservation of the 
smallest angles of these remains, which precludes the idea 
of their being rolled, or transported from a distance. We 
are therefore, says Cuvier, obliged to return from these to 
the first cause, whatever difficulties it may present. And 
these it must be apparent are not a few ; for laying aside 
the great distances from the mouth of this series of cav- 
erns, at which some of the bones were foimd, and the total 
darkness of the whole, it seems that the greatest numbers 
occurred in places so narrow, that the animals in the hving 
state could not have entered, in which cases, it is clear 
that they could not " have Uved and died peaceably in the 
places where their bones are found." It is possible, how- 
ever, that these caverns might have been diminished by 
stalactical incrustations. 

353. Dr. Buckland's conjectures. — ^Dr. Buckland sup- 
poses that the contents of these caverns are due to two 
causes, viz : to the deaths of the prowling animals which 
inhabited them, and to the bones of other animals, which 



What was dmer*! theory respecting these bones ? Is this satisfaetoiry T 
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these brought home for food, and this undoubtedlj is the 
true theory. The elephants and other large animals 
which do not inhabit caverns, and whose bones are foxind 
in them, must obviously have been conveyed there in de- 
tached portions ; and since the bones of hyenas are found 
with them, and it is known that these animals carried 
their prey to such secret places, it is an obvious conclusicm 
that such were the means by which, in a long series of 
years, such quantities of osseous fragments were accu- 
mulated. 

354. Cavern of Kullock. — The immense quantities of 
organic relics, which have been deposited in some of these 
caverns, may be best conceived of by the following state- 
ment of Dr. Buckland : 

In the cavern of Kullock, the size and proportions of 
which are nearly equal to those of a large church, there 
are hundreds of cart-loads of black animal-dust, entirely 
covering the whole floor. The quantities of animal mat- 
ter accumulated on this floor, is the most surprising, and 
the only thing of the kind I ever witnessed ; aiid many 
hundreds, I may say thousands of individuals, must have 
contributed to make up this appalling mass of the dust of 
the earth. Reliq. Diluv. p. 138. 

On the same cave Cuvier says : " I have stated that the 
total animal matter that lies within this cavern, cannot be 
computed at less than 5,000 cubic feet. Now, allowing two 
cubic feet of dust and bones for each individual animal, 
we shall have, in this single vault, the remains of at least 
2,500 bears." We should think that one cubic foot of 
dust is as much as ought to be allowed to each bear, 
making the number 5,000 instead of 2,500. 

OSSEOUS BRECCIA. 

355. In Mineralogy, Breccia is a rock composed of an- 
gular fragments of other rocks, joined together bj some 
kind of cement. In osseous breccia, the bones take the 
place of the fragments of stone. 

Osseous or bone breccias, are found in many places on 
the coasts of the Mediterranean sea, as at Gibraltar, Celte, 
Nice, Corsica, &c. These compounds are found filling 

What is said of the number of animals in the cave of Kullock 7 What ii 
osseous breccia ? 
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the fissures of calcareous rocks ; and it is a singular and 
dirious circumstance, that in all these places, as well as 
in Dalmatia, Sicily, and Cerigo, though so distant from 
each other, these conglomerated fragments of bone are 
similar, and appear to have belonged to the same species 
of animals. They are the relics, chiefly, of ruminants, 
such as the deer, mixed with a few lions' and panthers' 
teeth, and sometimes the bones of rats, and occasionally 
of other animals. The pieces of bone are contained in a 
red earthy concretion, resembling highly burned bricks, 
bat spongy or porous in texture, the cavities being of vari- 
ous sizes, and occasionally interspersed with sparry, calca- 
reous incrustations. As the bones are not pressed together, 
it is reasonable to suppose, that the cement which con- 
tains them, must have been progressively deposited around 
them, as they fell into the fissures of the rocks where they 
are found. The bones in general appear to have been 
Ixoken in pieces before receiving their cement, or calcare- 
ous incrustations. They are entirely separated from their 
oiganic arrangements, but exhibit no signs of having been 
nmed, or transported. 

356. The stony fmgments which this breccia some- 
times embraces, are coarse-grained limestone, of a dark 
color, containing now and then veins of white spar, which 
appear to have been rolled, or water-wom. In size they 
▼aiy from that of the fist to small grains. 

These bones do not belong to any existing species of 
animals. In the bone rock of Gibraltar, Cuvier found 
those of a deer, and of a hare, both of unknown species. It 
is unnecessary to be more particular in the description of 
these curious deposits, as they occur at different locahties, 
having already observed that they are all similar in ap 
pearance and composition. 

The breccia of Dalmatia is the most extensive of any 
discovered, stretching along the whole coast of that coun- 
tiy. Its structure and aspect are the same as that ot 
Qibmltar. 

357. Conjectural origin of hone breccia. — With respect 
to the origin of these bone rocks, Dr. Buckland supposes 
that the bones of the extinct species of animals, are those 
which fell into the fissures of the rocks before the deluge 

What is meant by bone breccia ? What is the appearance cf thil com 
pound ? Do the bones belong to existing species, or not ? 

17* 



and thoe p*'^>**»< The same author has shown that 
the red ^-^^r^^^ in vhich these remazztt are i n clo ae d , is an 
eaith J Umuxx. csSam^ mcreij in color finom that vhich 
fills the cares jumI fissures of rocks in Gennanj, and oon- 
stitates the diluTial knm on thexr bottomsL 

It ma J be observed that these breccias are perwHar lo 
limestone rocks. Nov. lime is knovn to be aofaible in 
vatei. in small qoantities. and hence the calcareous spai^ 
vith vhich these bcmes are often surrounded and im|i iy' 
nated. is readilj accounted for. The soil or cement, in- 
cluding the bones, is also hardened by the infihiation of 
the same substance. 

358. OssBors BnEcciA or Amxjkui This has been 

more recentlj discoreied. From a communication of 
Major MitcbelL to the London Geological Society, it ap* 
pears that this breccia bears a great resemblance to that 
of Europe: The principal caTitj vhere it occub is an 
irregular kind of velL or natural fissure, accessible onlybf 
ladders and regies, and the breccia is a mixture of lime- 
stone fragments of various sizes, and bones enveloped in 
an earthy red calcareous stone. But this differs fiom the 
Meditermnean cavity in this impoftant particular, that the 
bones it contains, instead of being cbuefly those of ths- 
deer, are those oif marsupial animals, peculiar to that 
country, the Kangaroo and Wombat, and vhich are still 
living. The bones of the Elej^ant, and also of some 
species of other animals not knovn to exist, are occasion- 
ally found with the others, but the principal parts are 
composed of living species. This breccia was therefore 
probably formed at a later period than that of the Mediter- 
raneaiL 

What ii oonjectaredto have been the origia of bone 
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CHAPTER XXVI. 

ROCKS, 

TBBt& CLABBIFICATION AND OESC&IPriON. 

359. The four great Classes of Rocks are the following: 
The Aqueous, the Voi^caotc, the Plutonic^ and the 

Metamorfhic. This is Mr. Lyell's division, and is adopted 
on account of its simplicity and truth. The former divi- 
sion of rocks, in which granite^ gneiss, and mica-slate, were 
considered to have been first formed, and therefore were 
called Primitive or Primary, has been shown, by geological 
observations, not to be founded on facts ; since granite, in 
many instances, has been observed to overlay, or rest upon 
other rocks, which had been supposed secondary. The 
classification has therefore been changed, in order to meet 
the phenomena presented by the rocks themselves. 

The grand Classes are sub-divided, according to their 
nature or appearances, or sometimes according to priority 
of age, as will be seen as we proceed. 

1. AQUEOUS ROCKS. 

360. The aqueous rocks, sometimes called sedamentary, 
OT fossiliferous, because they contain fossils, cover a larger 
part of the earth's surface than any of the others. These 
rocks are deposited from water, and hence they are strata 
ified, or divided into distinct layers, or strata. It is easy 
to conceive how these strata are formed, for whenever a 
running stream, charged with mud, or sand, has its 
velocity checked, (as when it enters a lake, or the sea, or 
overflows a plain,) the sediment, previously held in suspen- 
sion, and which it had acquired by its motion, sinks by its 

What are the four great classes of rocks ? Why has the name primitiTe 
been cbanfed ? How are aqueous roeks formed 7 
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TiTi rriTTT :■: "^•» SrxT-rc^ irni :h:3 a senium is fGn::;9d 
I: :i_a -r: •:•?*» i^ :»rt?a:**_ ji "iJi-? sao? place, another l*Ter 
•^ firziii :T-;r. :r --•:c :!ij5. ioi so on in*ienmtelv If 
ii*« *-.r-.:.i \--* :x:«f— It ttt — ^ :: 'w^.ll be fouDd that, 
ilii*:«:j:- '.--j zii^s^sz ;c :Ji-» iizie isaierals, the graiu 
-': r — -" :— -f -i.iirr^.'i'e* ir* il's^js coarsest : irhich aiisei 
incL :le :-r: .ins:^-:*. :i.i: "^e laziest particles of the 

06 1 r -•'^•in*.-*. — T.i:a seC'Locical term is applied to 
s^T »: :•-!:: ^i:j:q :c 5::cj ziir.er in sufficient quantitj to 
'I:cis, a'^iiJL :c rx'ks- -jlt-ji^ characters peculiar to tbcm> 
a^lTr:5. T- -5 T-r sotj. j:r2.::£-^i. ziiT^e, fresh-water, cgr»- 
".iliz.-r. Tj'lciT^:, iT.: >?-:- :: :zj>iem roraia/ioiw ; the n^me 
drctr-ljic c- "Ji-* =*:'ir:e. su-^::ure, or time of the aceu- 



L. :h.e .^ x^— •- -:.v o: rxks. if thev ccxisist of lajen or 
stri:a. ^re 1:1 .ls: co-:1 jie a: o--:e. thau whether ancioit or 
uii>iirL. lieT =..i&: iiTe b^rs. foraaed bj the depositian of 
tha: sc'lji =aa::cr fr^zi w^ier : for we can conceiYe of no 
oiher CaeaL.3 bv winch s:ra:a could have been formed, bi 
all cases, we ziaj also izier. ihat each stratum, thou^ 
found w::h hundreds of o:hers r?s:ing upon it. w&s once 
at the sunace. or above all :he others on which it tisirtfl. 
When, I here tore we dnd shells, or other remains, or pebbles, 
in deep sirata. perhaps hundreds of feet below the surfiooe, 
ii is quite easv ;o solve ;he :o some a 1 mvsterv. bv remcm- 
bering that the s;ra:um on wnich they rest, was ong;inallj 
the highest, that is. above ail below it, when the leiic, 
sinking to the bottom of the water, was afterwards coTviBd 
by other depositions, each forming a laver. and each in its 
turn being above all the others. 

362. Fbssils in strata. — Fossils, as already explained, are 
any organic bodies, whether belonging to animals or plants, 
which have been buried in the earth by natural causes. 

Now, the remains of animals, especially shells, have 
been found buried in strata, hundreds of feet from the sor- 
face, in almost every part of the earth. These shells, 
being the remains of aquatic animals, afford still stror^er 
evidence that the strata in which they are found were 
formed under water. Some being marine, show that the 
rocks in which they occur, were formed under the sea; 

What if meant by formation ? Explain how shells came to be in •tnta 
isr below the present surface ? What is a fossil ? 
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while others, being fresh-water shells, as clearly evince 
that their strata were made at the bottoms of lakes. 
. Now, such formations, containing shells of both the 
kinds above named, are found, not only far distant from 
the sea, or lakes, but thousands of feet above the present 
levels of either, and also far below them ; and even to the 
utmost depths to which the earth has been penetrated. Li 
the strata of the Alps, fossil sea-shells are found to the 
height of 8,000 feet above the level of the sea ; in the 
Andes, more than 13,000, and in Himalaya, more than 
15,000 feet above the same level. We must conclude 
therefore, since it is certain that these strata were formed 
imder water, and that the shells they contain could only 
have lived in the sea, or in lakes, that the rocks now con- 
taining them, being the same in which they were origi- 
ncdly imbedded, must have been raised from the bottom of 
the ocean, or from lakes, to their present elevation, or sunk 
below their original level down to the places where they 
DOW occur. We shall see hereafter that these great 
changes in the primitive levels of the earth are due to the 
tremendous power of volcanic causes. 

II. VOLCANIC ROCKS. 

363. These rocks owe their origin, not to water, but 
volcanic fire, that is, fire in the depths of the earth. They 
appear to be of all ages, from the most ancient to the most 
recent, and in volcanic districts, are , occasionally forming 
at the present day. They are entirely devoid of fossils, 
nor do they show any signs of stratification. Most of 
them are more or less porous in their structure, and some 
kinds contain crystals, or fragments of other minerals. 
They are often observed to rest upon stratified rocks of 
the more recent formation, falling into their cavities and 
fissures, when in a melted state. These rocks, though 
quite extensive in some countries, form a much less portion 
of the earth's crust than the aqueous rocks. 

III. PLUTONIC ROCKS. 

364. These include what were formerly called Prim- 
itive imstratified rocks, especially the Granites and Por- 

. At what heights and on what mountains have sea-shells been found? Br 
what means is it supposed they occupy such situations I What are the vot* 
caiUD locks? 
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ph jny. like the volcanic rocks, they are suppoeed to &me 
their origin to heat, though under different circumstanoei. 
Instead of being compact in structure, they are cosnpoMd 
of ciystals of various sizes. The composition of GhnuutH^ 
is quartz, feldspar, and mtca, all in distinct crystals, differing 
in size, from mere grains to several inches, or even a fool 
in diameter. This rock is of various colors, depending on 
those of the materials of which it is formed. The quaitx 
is most commonly white, but sometimes reddish or brown; 
the feldspar is also white, passing into flesh-colored, and 
occasionally brownish. The mica is black, green, or 
white. These colors being intermixed, the prevailing 
colors of granite is gray, often reddisl^ from the c(^or m 
the feldspar ; brown, when penetrated by oxyd of iron, and 
less frequently, nearly black, when the mica is in moiB- 
than common proportion. 

They are called ciystaline rocks. They never contain 
organic remains, nor are they stratified like those which 
are deposited from water. 

These rocks differ from the volcanic, not only in having 
the crystaline structure, but also in not having pores or 
cavities, which the entangled air gives to most volcanic 
products. Hence, while the volcanic rocks are known to 
have been formed near the surface, it is inferred, from these 
differences, that the granites were melted at great depthf 
under the earth, or sea, and have cooled and crystalised 
under enormous pressure, where the contained gasses could 
not expand. From the hypothesis that these rocks were 
thus formed in the bowels of the earth, they have been 
named ^ Plutonic rocks," thus distinguishing them from 
the volcanic. The granites now form some of the highest 
mountains on the earth, and hence, the hypothesis, that 
they have been elevated by volcanic force to their present 
situations. 

IV. METAMORPHIC ROCKS. 

365. This class consists of the stratified rocks formerly 
called Primary, as mica-slate, gneiss, clay-slate, and some 
kinds of limestone, or marble. Their origin is more doubt- 

What are the plutonic rocks ? To what do they owe their origin ? What 
i» the composition of granite ? What its color ? How does granite ditht 
from volcanic products ? How is it supposed this rock was formed f Him 
elevated to its present height 7 What are the metamoiphie rooks ? 
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iul than that of the other classes. They contain no 
pebbles, or angular pieces of imbedded minerals, nor any 
traces of organic remains. Their stratified structure gives 
lise to the hypothesis, that they were originally deposited 
from water, like the first class, and subsequently changed 
by subterranean heat, so as to assume their present texture 
and crystahne appearance. In consequence of this sup- 
posed change, Mr. Lyell has given this class the name of 
Meiamorphicj from the Greek meta, and morphe, signif3dng 
transformed. 

Mr. Lyell has also suggested a new name for the Plu- 
tonic and Metamorphic rocks, as one great family, having 
exclusively the crystaline structure, and a common origin. 
His language is: " As all the crystaline rocks may, in some 
respects, be viewed :ias belonging to the same family, 
whether stratified oiriuhstratified, it will be convenient to 
speak of them by one cpmmonname. But the use of the 
term primary would u^ply a manifest contradiction, for 
reasons #JMc}i tbe student will now comprehend, (367.) 
It is inifiiipQp^'bii^ therefore, to find a new name, one 
which iQust not b^ of- chronological import, and must ex- 
press, on tl]le ojaeiiahd^ some peculiarity, equally attrib- 
utable to ^hite aiid gneiss, (to the plutonic as well as 
the altered rocks,) and on the other, must have reference 
to characters in which the rocks differ, both from the vol- 
canic and from the unaltered sedimentary strata. I have 
proposed, in the Principles of Geology^ the term * Hypo- 
gene,' for this purpose, derived from two Greek words, 
meaning under and to be bom^ being in reference to the 
theory, that these rocks were formed in the bowels of the 
earth, and not at the surface." 

The relative positions of the Hypogene rocks, as they 
often occur, are represented by Lign. 71. The centre or 
middle mass 1, projecting high above the side strata, is 
granite. The flanking planes 2, 2, are gneiss^ appearing 
as though they had been elevated to their present situa- 
tion by the tremendous force which lifted up the granite. 
The mica-slate 3, 3, is seen resting against the gneiss. 
The two latter rocks have the appearance of once having 
been in a horizontal position, the mica-slate being super- 
incumbent on the gneiss, and this on the granite, and we 

What is meant by metamorphic ? What is the meaning of hypogene, and 
ndqr ia the name applied to the crystaline rocks? 
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■nail see, in another place, that this was undoubtedly ^ha 
case. The tetter; shows a bed of quart*, included i;: the 
micaceous beds, and, being much less subject to disinteffia- 
tion by the weather, rises above the mica. The beds 4, 4, 
are clay-slate, or roof-slate, on the outside of the mica-elate. 
The overlaying mass is porphyry, resting cm the mica 
and clay-slate. A small bed of ntica-slate, 6, shows the 
strata bent, forming a dish-like cavity between the central 
peaks of the granite. Above 7, is seen a bed of eiay and 
gravel, in strata, showing their more recent frnmatitm, h 
they rest on the nearly horizontal strata of the n ' 




Hjpogene i 



In many mstances, there is sufficient proof eshibited by 
the rocks themselves, that metamorphic strata were once 
in a horizontal position, and that they owe then' present 
nearly vertical posture to a force exerted from below, and 
by which the gramte, being elevated, has raised up the 
once Bupermcumbent strata, and given them their vanoiv 
inclinations (Stt ElevaCum of ContmenU ) 
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CHAPTER XXVII. 

AQUEOUS ROCKS; 

TBBft COMPOSITION, NAMES, AND FORMS OF STRATIFICATION. 
ARBNACBOUS, OR SANDSTONE ROCK. 

366. This rock is an aggregation of small particles of 
sand, which often cohere together without any visible 
cement, but are more commonly bound into masses by clay, 
silex, lime, or oxyd of iron. In nature, there will be found 
every gradation, from loose sand to the hardest sandstone 
rock. In the variety called micaceous sandstone, the mica 
is abundant, and gives this formation the appearance of a 
stratified rock. When sandstone is coarse-grained it is 
usually called grit. If the grains are rounded, and of the 
size of pebbles, it becomes a conglomerate^ or pudding-stone, 
wliich consists of fragments of many kinds of rock, of 
different colors, bound together by the sand, with some 
kind of cement. 

Sandstones vary in color, often according to that of 
the cement, by which its particles cohere. When this is 
oxyd of iron, it has a reddish color. They also differ in 
age, being called the Old, and New^ Red Sandstone. 

CALCAREOUS, OR LIMESTONE ROCKS 

367. These rocks are composed of Hme and carbonic 
acid ; and hence are carbonates of lime. Chalk and mar- 
ble are commoQ examples. The varieties of this rock are 
numerous, sometimes consisting almost entirely of shells 
of various kinds, closely cemented together by calcareous 
matter, when it is called « A^iMimestone. 

368. Oolite. — This is a calcareous rock, consisting of 
globules, sometimes so small as to resemble the roe of 
fishes, and hence is called Roestone. It has generally a 
brown or ocherous color, and is a variety of common lime- 
stone, from which it does not differ in composition. These 
globules do not, however, in all cases, compose the entire 
mass ; the ooUte often running into common Hmestone. 

Of what ara sandstones composed? What is micaceous sandstone? 
What is poddUig-stone ? What is grit ? What is the compositibn of cal- 
careoDSioeksT Whslars examples? Whatis Oolite? HowisitfonnAd? 

18 



In England, thia fonnation is rich in oiganic remaini: 
tbe bones of some of the largest fossil - animals, and 
many of the besl-pieaerved sheila beinf found in it. It is 
often used as a building-stone, St. Paul's church and 
Someraet-houae being constructed of it. 

With respect to the manner in which these globules are 
fonned,it is supposed that they ciiginated in streams of run- 
ning water charged with linie, by the gradual deposition 
of calcareous particles on a small nucleus, as a grain of 
sand, kept for a while in agitation by the stream. 

369. Lias. — The name ia said to be a corrupticoi of 
layert^ because this rock ia usually Btratified. It is one 
of the Oolite group, and often passes insensibly into that 
rock. It is an argillaceous limestone, and is usually found 
in conformable positions. It contains abundance of at- 
ganic remains, and in England is particularly rich in thoM 
of the Saurian reptiles. 




370. Dr Htldrelk, on thf Oolite of Okto—ln this coun- 
try, Oolite is common in some lunestone difltncts. That 
which occurs on the Little Muskingum, in Ohio, is de- 
scribed by Dr. Hildreth, as follows: color yellowish 
white, when exposed to the air, but grayish white when 
taken from the bed \ structure compact, fracture conchoid- 

WbtfkiadoTnieklilUBT Wbr in it m> sdM f 
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id, with an earthy stirface ; adheres to the tongue ; com- 
position, carbonate of hmfe, with a little carbonate of iron. 
In properties and appearance, it approaches nearly to 
chalk. It stands the weather without exfoUation, and 
would make a fine building-stone. 

The associations of this rock in Ohio will be seen by 
Lign. 72: Ordhr of the ascending series. 

1. Limestone^ compact, dark, and in strata, from 6 
inches to 2 feet in thickness. The bed is 8 feet thick. 

2. Bituminous coal, very pure, structure slaty, 2 feet 

3. Water lime^ in thin beds, resting on coal, 6 feet. 

4. CHUoritic rock, color almost verdigris green, 4 feet. 
- 5. X«uur, stratified, and oohte, 8 feet. 

6. Calcareous tufa, porous, as if pierced by worms, 6 
feet. 

7. Sparry limestone, brownish dove color, 30 feet. 

8. Sandstone, with fossils in the lower strata, 100 feet 

9. Argillaceous, soil covered with timber, 10 feet. 

371. Clay-slate. — This is a rock of considerable extent 
in some countries. It is composed of argil, with silex 
and almuine, and hence is called argillaceous rock. It is 
stratified, and often shows ripple-marks, being thrown into 
gentle inequahties by the action of small waves during its 
formation. It often includes stones of small size, and not 
unfrequently runs into conglomerate or pudding-stone, on 
the one hand, and into sandstone on the other. The color 
of this rock varies from dark red, or brown, to that of slate. 
Shale is a variety of this rock, but is harder, perhaps from 
greater pressure, and is of a dark color; often contains 
bitumen, when it is called bituminous shale. When clay- 
slate is moistened by the breath, it always emits that 
pecuhar smell called the argillaceous odor. 

372. SiLicious Limestone. — This is carbonate of lime, 
mixed with particles of silex, and is harder in proportion 
to the flinty matter it contains. Sometimes this rock is 
nearly pure lime, while other specimens are mostly formed 
of silex. The colors vary, as in common limestone, and it 
is often difiicult to decide by the eye alone, whether a rock 
contains lime or not. In this case^ a simple and sure 
method is the test by an acid. If diluted sulphuric acid 

What kind of rock is clay-slate ? What is the color? What is shale 7 
What is silicions limestone ? How may the presence of carbonate of lime 
be certainly kaoiwn? 
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be dropped on the specimen, and effervescence ensues, that 
is, if little bubbles of gas escape, it is certain that carbon- 
ate of lime is present ; and when there is any doubt 
about the nature of the rock, whether it is calcareous or 
not, this will always give a sure decision. 

The three rocks, last described, the Arenaceous^ the 
Calcareous^ and the Argillaceous^ when they occur in the 
same district, frequently pass into each other, so that it is 
often difficult to decide to which species a specimen be- 
longs. 

CHALK. 

373. In Great Britain this is a very important formation. 
It is also found in France, Germany, Italy, and Poland ; 
but it is said, that no deposits of Chalk have been found 
beyond the limits of Europe. In the New World, through 
the whole extent of the two Americas, not a specimen 
has been found. 

Mr. Lyell says that white chalk extends from the north 
of Ireland to the Crimea, a distance of more than 1,100 
geographical miles ; and in an opposite direction, from the 
south of Sweden to the south of Bordeaux, a distance of 
840 geographical miles. 

374. Origin of Chalk. — Although chalk, at the present 
day, is found at considerable distances from the sea, and 
far elevated above its level, still, it is considered of marine 
origin. This is inferred from the sea-shells which it often 
contains. Some of these, as the Terebratulae, are known 
to have lived only in deep waters. Shells of the Nautilus, 
and the Belemnite, or internal bone of the Cuttle-fish, are 
also found in chalk. All these being marine animals, 
and their remains being abundant in chalk formations, 
their presence is considered ample evidence of its marine 
origin. Sponges, Sea-urchins, and Corals, are also com- 
mon in this formation. Chalk is but very obscurely strat- 
ified, though in some instances there are signs of layers. 
The Infusorial origin, of at least a portion of this mineral, 
has already been suggested ; the animalcules that formed 
it must therefore have been of the marine species. 

375. Origin of Flint in Chalk. — The common nodules, 
of which gun-flints were formerly made, are exclusively 

What is said of the geographical extent of chalk ? What is considereJ 
the origin of chalk ? 
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found imbedded in chalk. Layers of flint, of vanouB 
thickness, are also found in chalk beds, perfectly distinct 
from the chalk. The particles of silex, being of greater 
specific gravity than those of the chalk, probably fell to 
the bottom first, thus forming strata of their own. But 
supposing that the chalk contained a portion of silex in a 
free state, while the whole was mixed with water, and in 
the process of forming, it is diflicult to imagine by what 
power these particles separated themselves from the sur- 
loimding mass, so as to form nodules so perfectly distinct 
firom the matter which surroimded them. 

oTPsaif. 

376. This is a sulphate of lime, and is well known im- 
der the name of Plaster of Paris. It is usually a soft, 
white, or yellowish rock, with a texture resembhng that 
of loaf-sugar. Sometimes it is beautifully crystahzed in 
broad tmnsparent plates, much resembhng white mica in 
appearance. But the two may readily be distinguished 
by the elasticity of the mica, while the selenite^ as this 
variety is called, is inelastic, showing no disposition to 
recover itself when bent. The selenite also turns white 
by the loss of its water of crystalization, when heated, 
while even a red heat does not change the transparency 
of the mica. 

Gypsum is insoluble in acids, and hence does not effer- 
vesce, when tested in the manner above directed for car- 
bonate of lime ; and this circumstance will distinguish 
specimens of these two kinds of rock, which often nearly 
resemble each other in appeamnce. 

Gypsum, like rock-salt, is never found in extensive 
formations. It is an aqueous rock, and from the organic 
remains found in it, is considered of fresh-water origin. 
Beds of this mineral commonly alternate with those of 
marl and limestone. 

The greatest deposit of Gypsum described, is that in 
the vicinity of Paris, which extends about 60 miles. At 
Montmatre, near that city, two formations of this kind 
exist ; the lower is composed of alternate beds, of little 

What is said of the origin of flint in chalk ? What is the composition of 
gypsum ? In what form does it occur? How is gypsum known from car- 
bonate of lime. Where is the deposit of gyp6um, from which Cuvier drew 
«o many extinct species ? 

19* 
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thickness, consisting of f jpsum, often crpitalized, with 
lime and clay-marls. The upper formation is most im* 
portant and remarkable. It is about 65 feet thick, and in 
sQme places lies immediately under vegetable mold. 
This is particularly interesting from the number and vari- 
ety of organic remains found in it, and from bein^^ the 
source whence the celebrated Cuvier drew the skefetoxuf; 
of so great a variety of extinct species of animals. 

377. Ma&l-slate. — Marl is a mixture of carbonate of 
lime and clay, generally containing abimdance of smaU 
fresh-water shells. It is soft and loose in its structure; 
sometimes deposited in strata ; but more frequently is 
found without any signs of aqueous deposition. It is of 
fresh-water origin, and of recent date. Some of the mari- 
pits of Scotland have afforded many organic remains of 
animals, but all of known species. On some soils, mail 
is an excellent manure, and is extensively employed for 
this purpose. 

rOX.M8 or STKATiriCATION. 

378. A series of strata sometimes consists of one of the 
above rocks, and sometimes of two or more in alternating 
beds. Thus, in the coal districts of England, for exam- 
ple, we often pass through several beds of sandstone, and 
below these, layers of shale and sandstone, or beds of 
shale, divisible into leaf-like laminaj, and containing beau- 
tiful impressions of plants. Then again we meet with 
beds of pure and impure coal, alternating with shale, and 
imdemeath the whole, perhaps, are calcareous strata, or 
beds of limestone, filled with corals and marine shells, each 
bed distinguishable from the other by certain fossils, or by 
the abundance of particular species of shells, or zoophytes. 

HORIZONTAL STRATA. 

379. The above description will convey an idea of the 
common phenomena of stratification. Each layer, wheth- 
er of the same or of another rock, is a stratum; the whole 
are called strata, the process of forming is stratification^ 
and the rocks so formed are stratified. 

Whatever may be the direction of strata at the present 

What is marl ? What is a stratum ? What are strata, and what stntifi- 
eation f In what direction are all strata formed ? 



time, it is certain that thdr {k .vjion was originally hon- 
zontal, or at least nearly so. " The reason of this ar- 
rangement," says Mr. Lyell, "can by no means be u*trib- 
uted to an original evenness or horizontality in the bea of 
the sea ; for it is ascertained that in those places where 
no matter is deposited, the bottom of the ocean is often as 
mieven as that of the dry land, having, in like manner, its 
bills, valleys, and mvines. Yet, if the sea should sink, or 
the water be removed near the mouth of a large river, 
where a delta has been forming, we should see extensive 
plains of mud and sand laid dry, which, to the eye, would 
appear perfectly level, though, in reality, they would slope 
gently from the land towards the sea. This tendency in 
newly-formed strata to assume a horizontal position, arises 
principally from the motion of the water, which forces 
along particles of sand and mud at the bottom, and causes 
them to settle in hollows or depressions, where they are 
less exposed to the force of the current than when they 
are resting on elevated points. The velocity of the cur- 
rent, and the motion of the wave, diminish from the sur- 
face downwards, and is least in those depressions where 
the water is deepest." Elements^ p. 80. 

This subject may be easily illustrated, and by a very 
simple experiment. If an iron dish be set in the bottom 
of a running 'Stream, and neariy on a level with its sur- 
face, and then the mud and sand be stirred above it, the 
sediment will soon fill the dish to the brim ; and if the ex- 
periment be repeated, the dish will be buried, and the bot- 
tom of the brook as smooth over it as though the dish had 
jM been placed there. If the process be watched, it will 
be seen that the sediment fallmg into the dish remains 
^ere, being below the influence of the current, and that 
this will continue imtil it is full ; when the bottom of 
the stream becomes level as before. A munber of half 
egg-shellSy with a Uttle stone in each, to keep them in 
position, will show the same result, if used instead of the 
iRmdish. 

380. A series of horizontal strata is represented by 
Lign, 73. In these the stratification coincides with the 
line of the horizon. It is, however, very rare that such 
ttiata are observed, except in the most recent formations ; 

How is this Ulustrated by an iron dish ? 
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LION. 73. 






Horizontal strata. 



the secondary and tertiary strata, in nearly every instanee^ 
being more or less inclined. This, we shall show hen- 
after, is in consequence of disturbance after their fomiai- 
tion, from volcanic forces, acting from below. 



LIGN. 74. 




False stratification. 



381. False Stratification. — There is a phenomenon 
of frequent occurrence, in which may be seen a series of 
large or thick strata, each of which is composed of a num- 
ber of smaller layers, placed obliquely to the general planes 
of stratification. To this diagonal arrangement, the name 
of "false stratification" has been given. Thus, in the 
annexed Lign. 74, we have several large beds of loose 
sand, yellow and brown, the lines a, b, c, showing the prin- 
cipal planes of stratification, which are horizontal But 
the greater part of the subordinate strata do not conform 
to these planes, but have inclinations, more or less steep, 
from one to the other, these being sometimes in opposite 
directions. When the sand is loose and incoherent, as in 
the present case, the deviation from parallelism of the slant- 

■ 

What are horizontal strata? In what deposits are these strata found ? 
What is meant by false stratification ? 
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ing Btrata cann6t possibly b« accounted for, by any new 
anangement of the particles during the consolidation of 
the rock. We must, therefore, suppose that at the bottom 
of the sea, aa well as in the beds of rivers, the motion of 
the waves, currents, and eddies, often cause mud, sand, 
and gravel, to be thrown into heaps, on particular spots, 
instead of being spread uniformly, as ia moat commonly 
the case. Afterwards, perhaps, by a new current, the 
■lepressions between these little hilla or mounds, being filled 
in the manner already described, the principal strata are 
again deposited, on which the cmrent, by the overflow of 
the river, again produces an inequality of surface; after 
■ which, the same process is repeated. The appearance of 
these strata suggests this theory of the manner of their 
formations, as the only one which can account for such 
phenomena; and as we know nothing of the currents and 
counter-currents of deep water, except by the effects they 
have left on the bottom, perhaps this is as satisfactory an 
sxplanation as can be proposed. 




hi-M' 



382. KffPLE-KARKs. — The ripple^marka, so common on 
the surfaces of clay-slates and sandstones of all ages, a 
specimen of which ia represented by Lign. 75, and which 
' are so often seen in the aand of the sea-shore at low tide, 
seem to originate in the drifting of the sand along the bol- 

What m ripple-mull ' How «e ripplc-nu^ nwda ! 
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torn, by the unequal action of the wai^. These mailQi 
are onlj seen on shores where the water rises and falls in 
the form of waves, and their sizes appear to depend, mofe 
or less, on the amount of this elevation and depiessimL 
On shores which are swept bj a broad ocean, thej are on 
a larger scale than on the borders of bays or ponds, whero 
the waves only rise to the height of a few inches. On 
this account, a great difference may be observed in their 
sizes on the same shore at different times. After d stcnnn, 
during which the waves have risen to an unusual height, 
the impressions left on the sand, after the subsidence of 
the water, are wider apart, and the inequahties much 
greater, than will be seen at ordinary times. 

Sometimes there may be seen two series of ripple-marks, 
crossing each other at various angles. This is caused by 
a change in the course of the wind, and consequently cf 
the new direction in which the waves are thrown on the 
shore. 

UON. 76. 




Dip of strata. 

m 

383. Dip. — The inclination of strata, from a horizontal 
position, is called their dip, the amoimt of the dip being 
the quantity of the angle which the line of inclination 
makes with that of the horizon. Strata forming a dip, 
are represented by Lign. 76. If the angle made by the 
meeting of the lines of the strata, b b, and the horizontal 
line a, be equal to 45° towards the east, then the strata 
are said to have a dip of 45° in that direction. 

384. Outcrop. — When strata protrude above the sur- 
face of the earth, or are uncovered, as on the side of a hill, 
so as to be seen, they are said by the miners to crop out 
The uncovered ends of the strata commonly rise above 
each other, like stairs, or, as Mr. Bakewell has it, hke a 
number of slices of bread and butter, laid on the side of a 
plate. In Lign. 76, the outcrop of strata is represented at 

Is there any relation between the size of these marks and the witm * 
What is meant by dip ? What is outcrop f 
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h 5. Outcrop is a matter of much importance to ^olo- 
gists and practical miners, since the under, as well as the 
upper strata, can be observed at these points ; and thus, 
without excavations or borings, not only the dip can be 
ascertained, but also the different kinds of rock with which 
a section of country is underlaid. 

UGN. 77. 




Taking angles. 

385. Simple method of finding the angles of inclination.--^ 
Mr. Lyell employs the allowing method of ascertaining 
the amount of dip in stratified rocks: "It is rarely import- 
ant," says he, "to determine the angle of inclination with 
such minuteness, as to require the aid of instruments. 
We may measure, within a few degrees, the angle, by 
standing exactly opposite to the cliflf, where the true 
dip is exhibited, holding the hands immediately before 
the eyeSy and placing the finger of one in the perpendicu- 
lar, and the other in a horizontal position, as shown by 
Lign. 77. It is thus easy to discover whether the lines 
of the inclined beds bisect the angle of 90°, formed by the 
meeting of the hands, so as to give an angle of 45^, or 
whether it would divide the space into two equal portions. 
The upper dotted line may express a stratum dipping to 
the north ; but should the beds dip precisely to the opfvo- 
site point of the compass, as in the lower dotted line, it 
will be seen that the amount of inclination may still be 
measured by the hands with equal facility." p. 71. 

What it Mr. Lyell's method of measuring angles of strata f 
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Outlier. 

886. OiTTLiER. — Strata are said to form outliers^ when 
thej constitute a portion of rock, or country, detached from 
the general mass of the same bed of which thej evidently 
once formed a part. Thus, the bed &, Lign. 78, on the top 
of the hill, is an outlier of the principal formation ab; the 
intervening valley being scooped out, either by the gen- 
eral deluge, or some other means. The kind and thick- 
ness of the intercepted strata, as well as the range, are 
sufficient to prove that they were once continuous. 

Escarpment. — Strata are said to terminate in an escarp- 
ment, when they end abruptly, as at a b, Lign. 78. 

Mural precipice. — Mural signifies wall-like^ and rocks are 
said to form such precipices, when they present naked and 
nearly perpendicular faces. 

LIGN. 79. 






Conformable position. 

387. CoNFORBiABLE POSITION. — Strata are said to be 
conformable^ when their general planes are parallel, what- 
ever their dip may be, as represented by Lign. 79, a a be- 
ing conformable strata, as shown by their parallel planes. 

Unconformable strata. — When a series of upper strata 
rest on a lower formation, without conformity to the posi- 
tion of the latter, the upper series are called unconformo' 
ble, as shown by b b, Lign. 79. 

388. Fault. — This is such a dislocation of the strata, 
that not only their continuity is destroyed, but the series 

Wliat is an outlier? What is an escarpment? What is a mural prBOi 
pice ? What are unconforiuable strata? What is a fault ? 



HOKISaiITU, HTBATA SIT 

of beds on me or both sides of the fracture, are forced out 
of theii original positions, so that it often happens in min- 
ing far coal, the workmen suddenly come to the apparent 
termination of the vein, by a wall of rock. 

389. Dike. — Thia ia a wall of rock interposed between 
the two sides or ends of a dislocation, and in consequence 
of which, the continuity of the beds is interrupted. If 
ve suppose that the dike was once fused matter, as is the 
case with volcanic dikes, and forced up from beneath, and 
that on one of its sides the strata were elevated, or thrown 
down on the other by a convulsion, it would account for 
the pheQ(»uena of both dikes and faults ; the first coneist- 
ing in the dislocation of the strata, and the other, the wall 
1^ whi(^ they are intercepted. 




Fault and lake 



sents the fault, and b the dike. The coal stratum, ( 
minates at the dike on both sides; but on one side itia 
elevated, and on the other depressed. When, therefore, 
the miners, coming to the dike, and knowing that the bed 
of coal is either above or below their own level, they begin 
by searching on the other side. But here, at first, they find 
only sandstone or clay, the coal-vein being entirely lost, 
and their business as miners suspended. In attempting 
to regain the vein, the Hist question to be determined is, 
■whether it has been thrown up, or cast down on the other 
■iiie of the dike ; and this, in general, is readily decided by 
the position of the dike, or its incUnalion, with respect to 
the fault. For experience has shown that, if the dike 
makes an acute angle with the upper surface of the coal- 
van, the strata are elevated on that Bide ; while, if the 
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angle is obtuse, they are thrown down, as shown in the 
figure. 

390. Springs caused by dikes. — ^Dikes being generallj 
impervious to water, they obstruct its passage along the 
porous strata, and occasion it to rise towards the surface; 
hence, it frequently happens that numerous springs make 
their appearance along the course of a dike which is en- 
tirely under ground, the springs alone indicating its exist- 
ence. 

In some coal-fields, the strata are raised, or depressed, to 
the amount of four or five hundred feet ; that is, there is 
this difference between the two strata in a perpendicular 
direction. Probably, in some instances, the strata have 
been moved on both sides of the dike, on one side raised, 
and on the other depressed, from the original level of the 
stratmn. 

Composition of Dikes. — Dikes which intercept .coal 
strata, are most frequently composed of that kind of vol- 
canic rock called basalt^ but sometimes of indurated elay. 
They are, in thickness, from a few inches, to 50 or 60 
feet, and sometimes even several hundred feet. Dikes are 
seldom noticed, except in mining districts, where they ex- 
cite much interest in consequence of the disturbance they 
occasion to coal-veins; the workmen being sometimes 
thrown out of their regular employment for weeks, in re- 
gaining the vein which has thus been lost. 

STRUCTURE OF SLATE. 

391. Prof Sedgwick has made some curious and im- 
portant remarks and observations, on the difference be- 
tween the planes of stratification and those of cleavage, 
as applicable in particular to the roofing-slate of Wales. 

In mica-slate, the cleavage is in the direction of the strati^ 
of deposition, whether the layers are curved or not ; and 
the same is the case with common clay-slate, and in all 
depositions of clay which are separable into layers. But 
in beds of roof-slate, the case is quite different, the cleav- 
age being not in the direction of the strata, but in general 
obliquely across them. The strata are seldom or never 
either horizontal or straight, but contorted, bent or waved, 
and are often far from being parallel with each other. 

I — 

Why do dikei cause springs ? What are the siaes of ooal-field dikes f 
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Slaty strucbiire. 



Prof. Sedgwick gives the above diagram, Lign. 81, in 
illustration of this subject, and remarks, "that the contor- 
tions of slate-rocks are phenomena quite different from 
cleavage, and the curved lines presented by such forma- 
tions, are the true lines of disturbed strata." The contorted 
lines, running lengthwise of the diagram, are the true 
strata of deposition, while those crossing these, in nearly 
a vertical direction, and preserving almost a geometrical 
parallelism, are the lines of cleavage. A region of more 
than thirty miles in length, and eight or ten in breadth, 
exhibits this structure on a magnificent scale. Many of 
the contorted strata are, of course, mechanical structures; 
but subordinate to these are fine crystalme chloritic slates. 
But the coarser beds and the finer, the twisted and the 
straight, have all been subject to one change. Ciystal- 
ine forces have rearranged whole mountain masses of 
them, producing a beautiful cryst aline cleavage, passing 
alike through all the strata; and through all this region, 
whatever may be the contortions, the planes of cleavage 
pass on, generally without deviation, running in parallel 
lines, from pne end to the other. 

-Without considering the crystaline flakes along the 
planes of cleavage, which prove that crystaline action 
has modified the whole mass, we may affirm, that no re- 
treat of parts, no contraction in dimensions, in passing to 
a solid state, can explain such phenomena as these. They 
seem to be only resolvable on the supposition, that crystal- 
ine or polar forces acted on the whole mass simultane- 
ously, in giving them direction, and with adequate power. 
The hypothesis that heat, nearly to the melting point, act- 
ing as a crystaline force, produced this new arrangement, 
after the regular deposition of the strata, is the only one 
which can be suggested to account for these phenomena. 

Explain Lignograph 81, and show the difference between the lines of the 
strata and those of cleavage. How is the cross cleavage of slate ac- 
counted for? 
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CHAPTER XXVIII. 

CHXMIOAI. AMD MEOHANIOAL DBPOVIT0. 

• 

892. Qeolooistb have made a distinction between me- 
chanical and chemical deposits. By the former, ave dang* 
nated beds of mud, sand, and gravel, produced by the action 
of running water, as the accumulations in the bottoms, and 
by the sides of ponds and rivers. But the matter which 
forms a chemical deposit, has not been mechanically sus- 
pended in water, being in a state of solution with the fluid, 
and separated only by evaporation, cooling, or chemical 
decomposition. Thus, water flowing from hot spzion, 
and charged with carbonate of lime, constantly deposits 
its contents in a solid form as the water cools, because it 
can hold more lime in a hot than in a cold state. Such 
springs also contain an excess of carbonic acid, in which 
the lime is also held in solution, and which is deposited ai 
the gas evaporates when coming into the open air. The 
lime thus deposited, incrusts stones, shells, and wood, at 
the bottom of the stream, and thus forms a loose poroui 
stone, containing all these matters, known under the 
names of travertine and calcareous tufa. Such springs aie 
found in various parts of Italy; and one near Rome de- 
posits large quantities of lime, for many miles in extent, 
every year. This is so highly charged with lime, that 
casts are soon formed by exposing molds to the water. 

393. Chemical deposits seldom horizontal. — The remarks 
heretofore made on horizontal strata, (379,) do not apply to 
chemical, but only to mechan,ical deposits ; the latter filling 
up inequalities at the bottom, by being swept along by the 
stream; whereas the particles of chemical deposits are 
consolidated together as they fall, and consequently may 
incrust the vertical walls of a fissure with equal thickness 
as that of its bottom. These depositions are generally of 
small extent, and are confined to limestone districts, as 
already indicated. 

394. Cementing of Particles. — It is chiefly in the case of 
calcareous rocks, that solidification takes place at the 

What is the diflfcrence between mechanical and chemical depoMtst 
Why are not chemical deposits horizontal 7 
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tiniA of deposition. But there are many deposits, as those of 
•and, clay, and pudding-stone, in which the cementing pvo 
cess takes jSlace long edfter their deposition. These rocks, 
being formed of loose materials, are afterwards consoli- 
dated by the percolation of water, containing iron or lime 
in solution, the finer particles of which, fill up the inter- 
asices remaining anraog the coarser materials of the de- 
posit or accumuiation, and thus, from being a soft, yielding 
mass, the whole becomes a solid rock. 

In some rocks, as clay^slate and sandstone, in which 
fissiues are left by contraction, after the strata are depos- 
ited, the white seams of carbonate of lime may often be 
seen traversing the layers in ail directions, haying filled 
every fissure, even to the size of a thread. Such exam- 
ples -are common in clay-slate from the quarry near the 
city of Hartford. 

395. Consolidation under water. — ^Mr. Lyell thinks it is 
pieftmble that some of the heterogeneous materials which 
nwtm tmnsport to the sea, may at once become solid 
under water, like the artificial mixture called ptuteolana^ 
(Roman cement,) which consists of fine volcanic sand 
charged with about 20 per cent of iron, and the addition 
of a small quantity of lime. This compound hardens 
tmder water, and there becomes as soHd as stone, and was 
used by the Romans in constructing the foundations of 
their buildings under the sea. 

ConsoUdation in such cases is effected by the action of 
chemical affinity on finely comminuted matter previously 
suspended in water. After deposition, similar particles 
seem to exert a mutual attraction on each other, and con- 
^gate in particular spots, forming lumps, nodules, and 
concretions. Thus, in many argillaceous deposits, there 
may be found calcareous balls, or spheroidal concretions, 
arranged in layers parallel to the general stratification, an 
arrangement which must have taken place after the shale 
or marl had been deposited in layers ; for these layers are 
traced in the concretions, being always parallel to those 
in the surrounding rock. 

396. Spheroidal^ radiated concretions. — ^Prof Sedgwick 
describes spheroidal concretions, which occur in the mag- 
nesian limestone in the north of England. These balls 
^— » ' ' ' 

In what nunner is loose sand and clay consolidated into sc^d racki 
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are of various sizes, from that of a pea, to several feet is 
diameter. They have both a concentric and radiated 
structure, while at the same time the original strata of 
deposition pass uninterruptedly through them. In some 
clif^, this limestone resembles a great irregular pile of 
cannon-balls. Some of the globular masses have their 
centre in one stratum, while a portion of their exterior, 
passes through to the stratum above or below. 

UON. 83. 




Concentric balla. 

Thus, the larger spheroid in the annexed section, {lagn, 
82,) passes from the stratum b, upwards to a. Such 
phenomena can only be explained on the principle of 
chemical affinity and ciystalization ; which, beginning at 
the centre, must have progressed so as to add the concen- 
tric coats aroimd the original nucleus, and at the same 
time not interfere with the laminated structure of the 
rocks. 

CURVED STRATA. 

397. We have seen (379) that the original deposition 
of all strata must have been in the direction of the hori- 
zon. But we find, at the present time, that the layers of 
slate, of various kinds, as those of clay and mica, and 
also gneiss and stratified limestone, are not only inclined 
to the horizon at various degrees, but that the strata of 
some of these rocks are contorted, or bent into crooked or 
waved lines, clearly indicating that large masses have 
been moved, in various directions, since their deposition. 
An experiment was made by Sir James Hall, with a view 
of illustrating the manner in which such strata, assimiing 
that they were originally horizontal, might have been 
forced into their present position. For this purpose, a 
number of layers of clay in a soft state were placed under 

What is the explanation of Lign. 82 ? How did Sir James Hall illustrate 
curved strata ? 
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a wogfat, and tbeir opposite ends pressed towards each 
other with such a force, as to cause them to approach 
more nearly together. On removing the weight, the layers 
of clay were found to be curved, oc folded, so as to bear a 
ininiature resemblance to contorted strata. 

On the east coast of Scotland, at a place called St. 
Abb's Head, Sir Jamea Hail describes a series of contorted 
Btrata on a magnificent scale. The rock conaiats princi- 
pally of a bluish slate, having frequently a ripple-marked 
surface. The undulations reach from the top to the bot- 
tom of the clife, being from 200 to 300 feel in height, and 
there are sixteen distinct bendings in the course of about 
six miles. A portion of this is represented by Lign. 83. 




398. Contorted strata at Lyme, Ct. — In the above 
instance, the strata are seen on the face of a mural preci- 
[Hce, their general direction, with the exception of the cur- 
vatures, being horizontal. To account for their present 
appearance, therefore, we have only to suppose a pressure 
at each end of the mountain, adequate to move the two 
original extremitiesnearer each other, as in the above-cited 
experiment of Sir James Hall. In the curved strata at 
Lyme, {Lign. 84,) there must have been an upheav- 
ing power, if we assume that the strata were origin- 
ally horizontal, sufficient to divide the rock, and turn the 
strata into the vertical position ; for although its face is 
now flat, and nearly horizontal, it ccaisists only of the 



odgvs 01 ends of the stnta contorted, aa 

the figure. 




Coatoited Mnta kt 171110. 



The lock ia of gneisa, of fine Btructure, ooouumudly 
mtOBpeiBed with veins of cryatalized quartz. The road 
crosses this rock at two places, a mile 01 two from each 
other, and the same contortions are exposed at both. 

Ws must suppose, therefore, that duiing the calorific con- 
vulsions of nature, before God said, " Let there be li^ht," 
that these strata were turned from the horizontal position, 
in which thej had been deposited ; broken apart, and so 
softened by heat, as by an endwise pressure to be thrown 
into their present convolutions. It is true, that all this i> 
mere hypothesis, but since it will serve to explain the ap- 
pearances, and no one can say it is not true, perhaps then 
u no harm in believing that it was so. 



CHAPTER XXIX. 

DENDDATIOM, 



399. By Demtdation is meant the removal of earth/ 
matter by running water, and the consequent exposure of 
the rocks, which were once covered. This is the prece- 
dent of all new accumulations, of mechanical origin, at ths 



piesent tiine. The transport of mud, sand, and stones, by 
which inequalities on the earth's surface are filled, neces- 
sarily implies, that all this matter has only been removed 
irom some other place; and perhaps a gorge has been 
formed at the place from which it has been transported, 
much deeper than the one which has been filled. Tht) 
gain in one place, therefore, shows an equal loss at some 
other. If^ then, the entire mass of stratified deposits, on 
the earth's surface, is at once the monument and measure 
of the denudation which has taken place, at unknown 
periods of time, on what a stupendous scale must the 
denuding process have been carried on ! And accordingly 
we find, in various parts of the earth, sufficient proofs of 
the vast extent and power with which running water has 
acted in producing changes on the crust of the earth. 

The earthy matter, thus moved from one place and ac- 
eumulated in another by occasional floods, is called Allu- 
vium. Diluvium^ as we shall see in another place, refers to 
similar accumulations, occasioned by the Noachian deluge. 

400. It is not difficult to prove, at the present day, that 
mighty effects have formerly been produced by the action 
of running water, on the movable materials of the earth. 
We have here no reference to the solid strata of the earth, 
but to sand, blocks of stone, and mud, which often evince 
by their situatkNMi,ortfae forms und^ which they still exist, 
the marks of acpieooB transport. In many oases, also, by 
traciag tlieee nmiks upwards, we can asceitain the places 
whence they came. Again, where the materials have 
been so widely spread on a plain as to leave no indications, 
ai the present day, of their ancient removal from another 
place, still, the sinking of a well, or wells, in the adjoining 
highland, will often show, by signs not to be mistaken, the 
denuding effects of water in the vicinity. Hills of con- 
siderable height are often formed in this manner, the valley 
between them having been carried away by some ancient 
flood. 

To nmke this obvious, suppose that on digging wells 
on two hills, separated by a valley, there should be found a 
bed of gravel, ten feet thick, then a layer of clay, then a 
bed of chalk, th»:i another of clay, and that these forma- 

What is meant by denudation ? What does an accumulation of earthy 
■Mtter, in one place, imply ia another? What is meant by Allunomf 
Whil it meant ^ Diluviott ? 
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tions should correspond exactly with each other, hoth hi 
respect to kind, thickness, and direction ; then the infer- 
ence would be unavoidable, that these strata were once 
continuous, forming but one extended hill, and that the 
two hills now existing, are merely divisions of the ancient 
one, the valley between them being formed by the de- 
nud[ing effects of an overwhelming flood of water, at an 
unknown period. Lign. 85, is designed to illustrate this 
subject, showing the two hills, with their corresponding 
strata, and the two wells by which they are pierced. 
Such examples it is believed are not uncommon, and would 
often be observed, were due notice taken of the strata, 
when sinking wells on opposite hills. Where such in- 
stances as the above described occur at a distance firom 
rivers, or running streams, and the solid strata show that no 
such streams ever existed in the vicinity, the excavating 
power is supposed to have been the general deluge, de- 
scribed in the Scriptures. 

UGN. 85. 




Denuding effects of water. 

401. Chasm in New Mexico.- — Perhaps the efSscts of 
denudation by running water, no where exists on a more 
magnificent or tenific scale, than in some parts of New 
Mexico. The following account is from Mr. Kendiall's 
" Santa Fe Expedition," who describes only what ho saw. 

Having noticed a tremendous chasm, across which 
they had great difficulty in making their way, he says : 
•'We came suddenly upon another immense rent, or chasm 
m the earth, exceeding, in depth, the one we had so much 
difficulty in crossing the day before. No one was aware 
of its existence, until we were immediately upon its brink, 
when a spectacle, exceeding in grandeur any thing we had 

How is it shown that valleys antf bills are formed by denudation ? HofW 
deep, and how wide the chasm in New Mexico f - ' 
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•preyiouslj beheld, came, suddenly in view. Not a tree, 
or a bush, no outline whatever, marked its position or 
course, and we were all lost in amazement, as one by one 
left the double-file ranks, and rode up to the verge of the 
yawning abyss." 

402. " In depth it could not have been less than eight 
hundred or a thousand feet, and from three to five hun£ed 
yards in width, and at the point where we stood, the sides 
were nearly perpendicular. A sickly sensation of dizzi- 
ness was felt by all, as we looked down, as it wiere, into 
the very depths of the earth. In the dark and narrow 
▼alley below, an occasional spot of green relieved the eye, 
and a small stream of water, now rising to the view, then 
sinking beneath some huge rock, was bubbling and foam- 
ing along. Immense walls, columns, and in some places 
what appeared to be arches, were seen standing, modeled 
undoubt^ly by the wear of the water; yet so perfect in 
form, that we could with difficulty be Ijrought to believe 
that the hand of man had not fashioned them. The rains 
cf centuries, falling on an immense prairie above, had here 
found ^ reservoir, and their workings upon the diflferent 
veins of stone, had formed these strange and fanciful 
shapes." 

The expedition, consisting of several hundred men, with 
their horses and mules, had no alternative but to descend 
into this chasm, which it appears extended to unknown dis- 
tances, both north and south of the place where they were. 
That there was no other place where it was possible to 
cross, was proved by the circumstance that all the smaller 
paths in the vicinity, made by the natives and the bison, 
terminated in one great road, or thoroughfare, at this point. 
Having, with great difficulty and danger, descended by an 
oblique path into this chasm, and followed it to a consid- 
erable distance, they found the same path leading out on 
the opposite side. 

403. As they passed along this gorge, objects still more 
striking and wonderful, were discovered. **In some places," 
says the author, " perfect walls, formed of reddish clay. 
were seen standing, which, were they any where else, it 
would be impossible to believe that other than the hand ot 
man had formed. The veins of which these walls were 
composed, were of even thickness, very hard, and ran per- 
pendicularly ; and when the softer sand, which had sur- 
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rounded them, was washed away, the veins still lamainad. 
standing upright, in some places a hundred feet high, and 
three or four hundred in length." 

^ Columns, too, were there ; and such was their appeal^ 
ance of architectural order, and so much of chaste grand- 
eur was there about them, that we were lost in wonder 
and admiration. Sometimes the breastworks, as of iaxiMf 
would be plainly visible ; then again, the frowning turreu 
of some mighty castle of olden time. Cumbrous pillan, 
of some enormous pile, such as is dedicated to religion or 
royalty, were scattered about ; regularity was strangelj 
mmgled with disorder and ruin, and yet nature had done 
it all. Niagara has been considered one of her wildeiit 
freaks, but Niagara sinks into insignificance when con^ 
pared with the wild grandeur of this awful chasm." 
Vol i. p. 239-40. 



CHAPTER XXX. 

VOLCANIC ROCKS; 
THEIR NAMES, GEOLOGICAL SITUATIONS AND APPeA&ANCJ£. 

404. Having thus given such an account of Aqueous 
Rocks, (374,) including their composition, names, and 
form of stratification, as our limits will allow, our attention 
will next be called to the Volcanic Rocks, which, though 
not so common as those already noticed, are, in some re- 
spects, far more interesting, and especially on account of 
the tremendous convulsions which nature sometimes un- 
dergoes in their production. 

We have already stated (363) that these rocks owe 
their origin, not to water, but to volcanic fire. Thaj 
appear to be of all ages, from the most ancient to the most 
recent, and in some countries, are occasionally forming at 
the present day. 

They have either been ejected from burning mountains, 
or forced up to the surface of the earth in a melted state 
by internal volcanic action. Some of these rocks are oo- 

Wbat are the comparative a^es of volcanic rocks ? What are their geo 
ogical poaitiotia ? 
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QMkmftllj found superincumbent upon all others, evrm 
orerlajring the aqueous deposits and fossiliferous strata 
of the tertiary period ; and as volcanoes are still active, 
they may cover the most recent accumulations of alluvium. 

405. Volcanic rocks produce fertile soils. — Most of the 
folcanic rocks produce a fertile soil by their disinte- 
gration. It appears that their compmient ingredients — 
8ileK,alumine, lime, potash, and iron — are in due proportions 
well suited to the growth of vegetables. 

406. Volcanic cones in France. — In regions where the 
eruption of volcanic matter has taken place in the c^n 
air, and where the surface has never since been sub- 
jected to great aqueous denudation, cones and craters are 
still strilongly characteristic, although ejected at very 
early periods. Many hundreds of such cones are at the 
present day the objects of geological interest in the prov- 
inces of Auvergne, in France, where they are anranged in 
lines, and form chains of hills of considerable extent. 
These ancient volcanoes have been extinct from an early 
period, there being no historical account of their eruptions, 
aj)d yet the streams of lava may be traced from the cones 
to the lowest levels of the valleys below. 

407. Origin of cones and crater-shaped hills. — The 
crater of a volcano is the circular aperture at the simmiit 
of the mountain, from which the flames and fused matter 
issue during an eruption. The manner in which the 
cones, as well as the craters of volcanoes are formed, is 
well understood, the growth of both having been watched, 
and described by several observers. A chasm, or fissure, 
first opens in the earth, generally after convulsions and 
earthquakes have shook the neighborhood, perhaps for 
days or weeks. From the chasm issue immense volumes 
of black smoke, attended by steam, flame, and the ejection 
of red-hot stones and ashes, which are sometimes carried 
U> great heights ; the former by the explosive power of 
the gasses, and the latter by the upward current of the 
atmosphere, occasioned by the heat. These phenomena 
having continued for a time, and being often accompanied 
by eonvulsicms of the earth, and explosions which are 
heard for many leagues in all directions, there appears 
melted matter, or /ova, which quietly runs from the crater 

^ !>■ » ■ ■■ ■ I ■ ■!■■■■ I ■■ I. ■ .1 ■ ■ « — ■■ ■ ■ ■ « - — -^■ ■ ■*»- 

What toUf do these rocks pxoduce ? What are volcanic cones ? What 
T 
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and, forming a stream of liquid fire, slowly desceDds to the 
base of the cone, whatever may be its height. If the vol 
canic cone begins on nearly a level siirface, which is 
sometimes the case, the ejected matter, whether ashes or 
lava, at first remains near the crater, there being no de- 
scent down which the melted stream can run, unUl a hill, 
of more or less elevation, has been formed by the action of 
the volcano itself. The stones and ashes soon accumu- 
late around the chimney, in the form of a cone, the centie 
of which, being kept free from the accumulation, a dish, 
or crater J is formed in the top of the cone, the height of 
which is sometimes many hundred feet above the point 
where the gasses and lava first made their appearance. 

Sometimes the lava flows over the edge of the crater ; 
at others, this is broken away towards the top, and a notch 
is formed, through which it passes, and in many instances 
it flows out of a fissure near the base of the cone. 

408. Formation of Monte Nuovo. — In illustration of 
our subject, we will give an account of the production of 
a small volcanic mountain in Italy, which has been de- 
scribed by eye witnesses. 

Monte Nuovo, or New Mountain^ is situated in the vicin- 
ity of Naples, a region every where volcanic. It was 
chiefly thrown up on the night of the 27th of September, 
1538. Its site was formerly a little town, where invalids 
resorted, on account of the thermal baths which existed 
there, and which were supplied by the hot springs of the 
place. 

On the evening above mentioned, after many previous 
shocks of an earthquake, the ground opened, in the form 
of a wide fissure, which ran towards this town, with a 
tremendous noise and upheaving of the earth, accompa- 
nieil with the discharge uf pumice-stones, blocks of lava, 
anil ashes. At the same lime a gulf, of considerable size 
and extent, opened in the suburbs of the town, and by 
which several houses were not only broken in pieces, but 
actually swallowed by the chasm, and entirely disappear- 
ed below the ground. The sea at the same time retired, 
probably by the rising of the land, leaving its former bed 
naked at some distance from the shore. 

The fissure, which had reached the town, there stopped, 
and began soon after to exhibit all the phenomena of a 

From what part of the mountain does the lava first issue 7 
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regular volcano, except the discharge of lava. This cou 
tinued for the space of only thirty-six hours, since which 
period there is no record of its having suffered any signs 
of an eruption. The quantity of matter it vomited forth 
.during this day and a half, was enormous, having formed 
a regular volcanic mountain in a new situation, 440 feet 
ftbove the Bay of Naples. The form of this mountain is 
represented by Liga- S6. 




Its base, by recent measurement, is found to be 8,000 
feet, or about a mile and a half in circumference, and the 
depth of the crater 420 feet from the summit, so that its 
bottom is only 20 feet above the level of the sea. No lava 
flowed from this crater; but the matter ejected, and which 
fell down and formed the mountain, consisted of masses 
of ancient lava, ashes, pumice, and slaty stones. These 
blocks of ancient lava prove the volcanic origin of the 
)^und below the present a 



409. The word trap is from the Swedish trappa, wuicn 
signifies a flight of steps. The rocks now to be described, 
were so catlra by Bergman, because they often occurred 
in tabular masses, with flat surfaces, one above the other, 
in the form of steps or stairs. This name has been adopt- 
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ed generally, and now belongs to the nomenclature of 
science. The family included by this name, are the an- 
cient rocks, chiefly composed of feldtpar^ augile^ and 
hornblende and which are considered of volcanic origin, nm 
Basalt, Greenstone, Porphyiy, Amygdaloid, Dolerite, and 
others. 

410. Formation of trap rocks. — Under what condition 
the trap rocks were formed, it is now impossible to deter- 
mine, there being no examples of their modes of production 
at the present day. We know that fused matter, as it ia 
thrown out of volcanoes, differs in most respects from any 
of the varieties of this rock ; nor do the ancient lavas vaiy 
materially from those of the present day — a proof that age 
does not convert lava into trap. The forms under which 
these rocks exist, also seem to show that they could not 
have been produced under similar circumstancei with the 
volcanic products of recent origin. 

411. Some geologists have supposed that trap was 
thrown up under the sea, and that the pressuie of the 
water has been instrumental in causing the di^rence 
between these rocks and the lava at present <ejected. 
But were this^he case, it might be e xpected thnit marine 
products, as shells, would occasionally be finmd in their 
fissures, having fallen there after they had cooled, and 
before they were elevated. 

412. No satisfactory theory of their charaeters.^if these 
rocks were thrown up in the open air, as lava is at this 
day, and after the elevation of the land from the sea, then 
we might inquire how products having the same origin, 
and under similar circumstances, should differ so materi- 
ally in texture and appearance, the trap being solid, while 
the lava is always porous, sometimes even floating on 
water. Besides, the lava is commonly spread out in thin 
sheets, as it runs in the liquid state from the moimtain; 
while the trap, in most of its varieties, is in the form of 
steps, as its name indicates. It appears, tlierefore, that in 
the present state of knowledge, no satisfactory solution 
can be givnn why these rocks, which all geologists agree 
were once in a siate of fusion, should assume characters 
so distinct from the volcanic products of the present time. 

What is the composition of trap rocks ? What rocks bekmg to the trap 
family 7 What is said of the origin of trap ? 
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413. The color of this rock is dark grayish black, or 
browmsh gray. It is found both in large, shapeless 
masses, and in columnar prisms, with from three to nine 
sides, or faces. These colimms are of all sizes, from a 
few inches to several feet in diameter, and sometimes 300 
or 400 feet in height. They are composed of joints, or 
blocks, of the same angular shapes, resting on each other, 
aad standing in rows, or clusters, sometimes consisting of 
several himdreds in the same range, or group. 

The texture of basalt is fine-grained, or compact, and 
it often contains other minerals imbedded in it, as feldspar, 
quartz, mica^ leucite, and oxyd of iron. It also exhibits 
hollow cavities, or vesicles, apparently formed by bubbles 
of air during its fusion. 

414. Columnar Basalt. — All the members of the Trap 
family occasionally assume the form of columns, more or 
less perfect, but in this respect basalt excels the others. 

These columns appear to have been £oniiad fay a natural 
and cryMKline division of the whole mass of basalt, 
after its StartoatioQ to the surface. This divisioB being ver- 
tical, the Alumni stand, when not since disturb^, in 
nearly a perpendioillar direction. They vary in the num- 
ber of tfalSf angles and sides, from three to eleven or 
twelve, the s^edium number being from fivB to seven. 
These att'bften perfectly regular, the angles iieing sharp 
and well defined, with plane and smooth fac^ as repre- 
sented bjrthe outline Lign. 87 



LIGN. 87. 





Angular basalt. 

415. In most cases, when standing in their original 
positions, their sides are in contact, or nearly so, the an- 

What is the color of basalt ? To what family does basalt belong if De 
scribe cohimiiar basalt. 

20* 
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glea of one column so exactly fitting the matiix made hy 
several otheis, as to prove that tlie whole weie once a 
single mass, the eeparation being onlj in conaequencfl of 
the cryataline process, which gave each its present angu- 
lar form. The columns are sometimes longitudinal I7 
continuous for the distance of many feet, and at others, 
separated into blocks by joints, which aie mostly horizon- 
tal, and which appear to have been effected by ciystaline 
arrangement. 

The appearance of a six-sided basaltic column, regu- 
larly Jointed — that is, consisting of short prisms, laid on 
each other — is represented by Ltgn. 88, Fig. 1. It is not 
common, however, that the prisms are as regular, with 
respect to length, as here represented, the joints being 
mostly repeated at intervals, varying from a raw inches to 
several feet. 

UQN. SB. 




In exposed situations, the prismatic blocks, represented 
above, often loose their angles by the action of the weath- 
er, and become irregulur, sometimes approaching the 
globular form, but slill retaining their columnar position, 
as shown by Ligii. 88, Ftg. 2. 

It must not bo understood that these basaltic columns 
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generally preserve their vertical poeitionB, aa usually lep- 
resented by the drawings of StafFa, and the Giant's 
Cauaeway, iheae being rare inatances, both with respect 
to position and height. These colmnna are found in 
every position, from the horizontal to the vertical, Ligrt. 
89 represents Fingal'a Cave, on the ialand of Staffa, one of 
the Wealem islands of Scotland. Many of the basaltic 
columns have fallen down. The round massive cap is 
basaltic. 




416. Teap Mountains. — Trap rocks often form moun- 
tains of considerable height, and which sometimes spread 
over large diatricts of countiy. The island ofSkye, on the 
'westemcoast of Scotland, is one continuous mass of erupted 
matter, 50 miles long and 20 broad. With respect to the 
elevation of these mountains, the following are examples : 
Mount Tinto, in the district of Clyde, is 2,036 feet high ; 
Benmore, on the island of Mull, 3,097 ; Saliabnry Craig, 
Scotland, 550, and Arthur' a -seat, near Edinburgh, 800 feet. 

On this side of the Atlantic, Mount Holyoke, in Mas- 
sachusetts, is 900 feet above the level of the sea, and 
Mount Tom, on the opposite side of the Connecticut, is 
nearly 1,000 feet high. A portion of the trap rocks at 
Mount Holyoke assumes the columnar structure, but they 
appear to differ from the true basalt, in being lighter in 
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color, and in wanting the TeeicleB nenRlly Men in brotoo 
•p«>cimena of foreign baaidt. It ia considered e. Oreen* 
Btone rock. Perhaps Batallie Greenttone, m view of ita 
columnar appearance, would be a better name, 

417. GKEEKSTONn-^'rhia is a compact, hard, tenacioui 
trap rock, of a dark gmjish color, with a gTBenish tinge, 
and hence the name. It is eBsentiallj composed of hom- 
bleod and feldspar. This rock occurs in beds of greater 
or less extent, sometimes forming extensive ranges of 
mountains. In this country, greenstone is a common 
rock, the range of mountains on the west side of the Con- 
necticut, reaching from Nev HaTMi to rinrthampton, is 
of this kind. These locks, aa we elull mb m another 
place, an undoubtedly of volcanic oviOi iMviof been 
elevated to the present situation, through fUwaw, cy the 
foioa of Bubtenanson fire. 

418. ProtruiioH of greenstone. — Although gnaiatone, 
as belonging to the tnp family, is considend of igleanic ' 
origin, and passes insensibly mto basalt, still thorn have 
been but few instances detected, where it has motiuded 
through superincumbent rocks, so as to exhibit tttfl &ct to 
the eye of the geologist. The diagram, Lign. 90, fiom 
Hitcnoook'a Geology of HaasachnMtta, jmaenU 



I, j w en tB ndi b 




" The protrusion," says the author, "of the nnstrntified 
rocks, through the stratified cites, by internal igneous agea- 
cy, now admitted by most geologists, has led observeTS to 
examine carefully for evidences of mechanical disturbance, 
rear the line of contact. They have, I believe, found less 
proof of auch disturbance by the intrusion of greensto>-*, 

What ii llw coiDp«ition of greanfUne T V/baiJotiLigm, 90 wpi— ■ 
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than in the case of the older rocks, as sienite and granite. 
Every such case, therefore, deserves to be noticed. If I 
mistake not, the following sketch of a vein, of greenstone, 
in aiq^llaceous slate, is an example of this sort. The dike 
i# about ten feet thick, and the general dip of the layers 
of slate in the quarry, is about 30^ south-east. But, 
as shown in the figure^ near the greenstone, it is consider- 
ably curved upwards, in the contrary direction. The 
quany where this example occurs, is about half a mile 
noith of* the powder-house, in Charlestown, Mass." 

419. SnsNrnc Greenstone. — The highly crystaline 
oompounds which cQnq>ose greenstone, feldspar, and 
homblend, having a granitic texture, with occasionally a 
portion of quartz intermixed, is called Sienitic greenstone ; 
a rock which passes into ordinary trap, on the one hand, 
and imo granite on the other. 

430. Trachyte. — The name comes from the Greek 
irackns^ rough, because it is pecuHarly harsh to the 
touch. This is a porphyritic rock, of a whitish or 
grayish color^ composed principally of glassy feldspar, 
with crystals of the same, generally with homblend and 
oxydofiran. 

421. Porphyry. — The name is from the Greek, signify- 
ing purplej because the first rocks so called had a piuple 
color. At present, however, any rock having a compact or 
paste-like base, with imbedded crystals, is called by this 
name, whatever its color may be. Porphyry has the 
appearance of once having been in the form of a soft 
paste, into which crystals of various kinds, but most com- 
monly feldspar, have, by some unknown means, been 
introduced. When associated with granite, this is con- 
sidered a primitive rock, but it sometimes is found with 
secondary, or hypogene, and then again with volcanic 
rocks. It may, perhaps, be viewed as the connecting link 
between granitic and volcanic productions. 

422: Ancient Monuments of Porphyry. — The columns of 
tome of the most ancient and splendid edifices, were made 
of this material, of which some polished remains are still 
existing. The great hardness of this rock, being chiefly 
composed of siUcious matter, the high pohsh it is capable 
of receiving, and the variety and beauty of the colors it 

What is sienitic greenstone ? What does trachyte mean ? What is iSom 
meaning of porphyry ? What peculiarities has porphyry ? 
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often presents, afford a combination of qualities for splen- 
did and enduring architectural purposes, which is found 
in no other mineral body. But the labor of forming pillan 
of this rock, 30 or 40 feet high, and 5 or 6 feet in diame- 
ter, such as the ancients constructed, is much too great 
for the present age. 

Porphyry, though not an uncommon rock, never occuni 
in extensive formations, like limestone and granite. 

4*23. AMYGDALom. — The name is from the Qieek, 
amygdala^ an almond, from the oval-shaped nodules it 
contains. This is another of the trappean family, and in 
texture presents more obvious proofs of its igneous origin, 
than any of the others. 

424. The origin of its structure may be traced in mod- 
em lava, in which pores or cells, formed by bubbles of air, 
or steam, are common, while the matter is in the melted 
state. These are elongated by the flow of the lava, while 
it is yet soft, and thus these bubble cavities become oval, 
or almond-shaped. After this igneous product has con- 
solidated by cooling, these cavities still remain, and the 
whole being porous, are filled by the infiltration of silici- 
ous or calcareous matter. In some amygdaloids, these 
nodules have decomposed by exposure, when the empty 
cells present the same glazed or vitreous coating that is 
seen in the slags of furnaces. 

425. Lava. — This term is said to come from the Gothic, 
signifying to run, in reference to the flowing of volcanic 
matter; and this application is retained to the present 
day, although volcanic products present a great variety in 
appearance and composition. This geneml term for all 
the liquefied products of volcanoes, therefore includes those 
which are distinguished by several names, as volcanic 
slagSj volcanic enamel^ cellular lava, cofnpact lava^ pumice^ 
&c. The colors of lava are commonly yellowish, or 
greenish gray, sometimes running into sulphur yellow 
and grayish black. Some are quite compact, and receive 
a fine polish, while others are full of small pores ; and 
others are fibrous, with a silky lustre ; but all the different 
kinds run into each other. Pumice is sometimes so full 
of air-cells as to swim on water ; the vicinity jof subma- 

What does amygdaloid mean 1 How is this rock formed ? What does 
lava moan, and to what products is it applied ? 
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nne Toloanoes having often been indicated to sailors by 
this circumstance. 

IGNEOUS ORIGIN OF TRAP ROCKS. 

426. Although, in the foregoing pages, it has frequently 
been intimated that the trappean rocks were of supposed ig- 
neous origin ; yet, with the exception of the single instance 
of the protrusion of greenstone, (418,) we have produced no 
evidence that this was the case. It is true, as already 
noticed, (412,) that no satisfactory reason can be shown, 
why these rocks differ so materially from the volcanic 
products of the present time, if, indeed, they have had a 
common origin. But it may be remembered, that we know 
nothing of the circumstances under which they were pro- 
duced; and were the contrary the case, perhaps the solu- 
tion would be in no degree facilitated ; since, at the present 
time, we see that volcanic products, thrown out of the same 
crater, and at the same time, differ as much in appearance, 
texture, and composition, as lava does from any of the trap 
rocks, and yet no one can solve the question why this is so. 

427. Proofs of the fusion of trap rocks. — The igneous 
origin of trap, especially of basalt and greenstone, is proved 
by the fact, often observed, that when they come into con- 
tact with the strata of other rocks, in their passage from 
below, towards the surface of the earth, the effects of 
heat are always apparent on such strata. 

428. Effects of a basaltic dike on coal. — When a dike of 
basalt intersects a stratum of coal, the latter, to the dis- 
tance of several feet, or even yards, is deprived of its bitu- 
men, and converted into coke. And it may be stated, as 
a well-known fact, that the effect of a basaltic dike on 
the contiguous strata, is precisely that which would have 
been produced, had the matter of the dike been at a red, 
or even a white heat, at the time of its protrusion. 

429. Protrusion of trap between strata. — But there are 
other circumstances which show that basaltic dikes were 
formed in a fluid state; for when these penetrate stratified 
formations, the matter of which they are composed some- 
times insinuates itself between the strata from beneath, in 
a manner which would be impossible, had it not been in 
that state. Dr. MaccuUoch, in his Geology of the Western 

How is the igneous origin of trap proved by its effects on coal * 
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Itks, ilhutntea tbia punt by a dugnui^ which ve u)|^ 
Lign. 9i. 
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Tb« Toclc is stmiified aandstone, which the fused bi 
has pierced from below. The vertical lines, a, repr esen t 
the basalt, parti j' incumbent in the unconformable poeitioQ 
on the horizontal strata e, c. At b, b, the basalt has forced 
up the sandstone, and passed between the strata, two of 
which it has entioaly separated from their fellows, fom^ 
in^ between them sheets of its own matter. 




of buBit pieroiiig another. 



430. One dike of basalt pierced by another. — In some in- 
stances, a large vein of basalt is pierced b^ a smaller one, 
which, passing through its middle, divides it into two parts. 
Such an instance is represented by Lign. 92, from Dr, 

Wbal laolBf iul Ikcl i* pmed I7 Ugui. 91 uid B2. 
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I/re'* Geology. The great basaltic dike a, a, passes 
through calcareoija sandstone, and 6, a small vein of the 
enme matter, has passed ihroug-h its axis. It is most prob- 
able that the dike first made its way through the sand- 
stone, and on cooling, was fissured through the middle, 
and that this was filled by a second eruption of liquid 
basalt from beneath. 

iZl.^Basaliic veins formed from aitwe,— Although, in 
nearly every instance observed, the veins of trap appear to 
have ascended from below towards the surface, still it 
seems that there are cases where the fused matter has 
come in the contrary direction. This rare phenomenon 
occurs in the island of Skye, one of the western isles of 
Scotland, and is described by Dr. Macculloch, 




The basaltic voina traverse the sandstone strata in a 
vertical direction, and parallel to each other. The mass, 
above the vertical lines, Ligii. 93, which are the basaltic 
veins, is basalt, and from which the veins appear to have 
descended; and they are so numerous in some places, as 
nearly to equal, taken collectively, the mass of rock 
through which they pass. Sometimes six or eight veins 
occur within the space of 150 feet, and their aggregate 
magnitude is apparently 60 or 70 feet. Their average 
breadth is about ten feet, though they vary from five to 
twenty feet, 

Wbal nre fact ia ibowD bf Lign. 93. 
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[t js certainlj very diificult to account for the maimer 
in which nature performed this work. Were the veins 
ODiy an inch or two thick, we might suppose that the 
melted trap ascended by the large middle vein, seen in the 
drawing, and having fissured the sandstone by its great 
heat, descended again by the apertures thus produced; but 
the fissures are much too large for such a supposition. 

It is supposed that every basaltic dike terminates in a 
mass of the same matter below the surface; anu, there- 
fore, that the rocks, resting on the surface, are connected 
by these veins with the mass beneath ; so that such dikes 
and veins are necks, passing through the crust of the 
earth from one to the other. 



CHAPTER XXXI. 



PLUTONIC ROCKS; 
lAEIR ORIGIN, NAMES, COMPOSITION, AND APPEARANCES. 

432. We have already (364) given a general account 
of the Plutonic rocks; stated that they were formerly 
called primitive^ and have given the reasons why this 
name has been changed, (359.) 

GRANITE. 

This is the principal rock in the Plutonic class, and is 
so called because it consists of grains. It is, as already 
stated, (364,) composed o{ feldspar j quartz, and mica^ all of 
them in the crystaline form, and in the coarse-grained vari- 
eties, quite distinct from each other. Their colors are also 
very different, that of the quartz being more commonly 
white, that of the feldspar, yellowish or flesh-colored, and 
that of the mica, black. These colors, however, vary in 
different rocks, the quartz being sometimes rose-colored, 
the feldspar milk-white, and the mica also white, and in 
thin plates, as transparent as glass. 

The ingredients of granite all occur in crystals, imder 

What is the principal rock in the Plutonic class ? What are the mgra- 
dients of granite ? What are the colors of these ingredients ? 
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favorable circumstances ; but in the production of this rock, 
the • ciystalization is confused, because the particles of 
each have no room to assume their determinate forms 

Granite never occurs in layers, like mica-slate and 
gneiss; and being crystaline in its texture, is sometimes 
called unstrQtiJied crystaline rock. 

The components of this rock, not only differ widely with 
respect to the proportions of each, but also in their sizes ; 
in some granites the crystaline masses being nearly a foot 
in diameter, while in others, the grains are little larger than 
those of sand. ^ 

IGNEOUS ORIGIN OF GRANITE. 

433. Geologists formerly believed that granite was of 
aqueous origin ; that is, that the materials of which it is 
composed, were first dissolved in water, as preparatory to 
their assuming that solid and crystaline form which it 
presents at the present time. Chemistry has long since 
taught us that no substance in the laboratory of art, nor, so 
far as is known, in that of nature, ever assumes the crys- 
taline form until it has been dissolved in some fluid; and, 
indeed, a single consideration will show, beyond all ques- 
tion, the necessity of such a solution; for otherwise, there 
could be no motion among the particles of which the crys- 
tal is composed ; and without free motion, it is equally cer- 
tain that these particles could never take their places ac- 
cording to the laws of affinity; in other words, never could 
assume the crystaline forms. 

434. Different substances require different solvents. — The 
kind of fluid in which the particles are dissolved, it is ob- 
vious, must depend on the nature of the substance. Thus, 
some are soluble in water, others in alcohol, and others in 
caloric. Now, although the materials composing granite, 
are nearly insoluble by artificial means, still, there is no 
doubt that, under a very high temperature, with the aid of 
pressure, they would be soluble in water, or in caloric 
alone ; and the phenomena, as we shall see, afford conclu- 
sive evidence that the latter was the solvent, and that the 
materials composing granite were once in a state of fusion. 

435. The igneous origin of granite proved. — The igneous 

What was formerly believed to have' been the origin of granite? Does 
any substance crvstalize without solution ? What was the solvent of gran 
iteT 



244 locouii oBioiN OF ti&ANriK 

origin of granite is aatisfaclorily proved fiom the phenom- 
ena of its veins ; from the calorific effects of these tcuis on 
the walla of the rocks through which they have pro- 
truded; from the inirusion of granitic matter between the 
strata of various rocks, through which such veins htm 
been forced ; Ftnd, lastly, from the passage of ^own igne- 
ous rocks into granite. 

436. The phenomena of trap and granite exactly JiBi- 
iloT. — Having already shown (427) the undoubted igne- 
ous origin of trap rocks, by proving that their matter, 
when in the soft state, was forced between the strata of 
other rocks, (Lign. 9 1,) we shall now show that the same 
phenomena are found to attend the veins of granite when- 
ever they traveree other rocks ; there being every indicatioa 
that these veitia were also forced up from below, in a italo 
of fusion. 




Such an instance is represented by Ljgn- 94| which, 
according to Dr. Macculloch, occurs at Cape Wrath, in 
Scotland. The strata through which the veins pass, are 
of gneiss, and it will be observed, that they intersect each 
other in various directions, being curiously branched and 
contorted, resembling so many snakes crawKng from their 
den. The mass of granite below the stratified gneiss, is 
also apparent ; and as the veins end before reaching the 
surface, we cannot but infer that they were forced up in a 
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aoflened state from the underlaying granite, with which 
their trunks are incorporated. Similar instances, that is, 
of granite veins traversing stratified rocks, and also granite 
rocks, are known to occur frequently. 

Dr. Hitchcock, in his Rfpnrl of ihe Geology af Massa- 
ehuseits, has described and figured many such instances, 
two of which we take the liberty of inserting. 




437. 6 , .„ through komhlend-slate. — The 

first occurs at Ackworth, New Hampshire, where a dike 
or vein of granite protrudes through strata of homblend- 
slate, Lign. 95. As the traveler approaches the spot, aays 
the author, he will observe, while several miles distant, a 
remarkable conical, half-naked peak, chiefly of white 
granite, shooting up about 300 feet above the surrounding 
country. The prevailing rock in this vicinity is gneiss ; 
but at this elevation it is chiefly hornblend-slaie, traversed 
by an enormous vein of granite, a, and exhibiting two 
other protruding masses of the same, at a distance from it, 
b and c. The vein a. varies from one-half to four rods in 
thickness, and the mass h is four or Ave rods across; e ia 
only ten feet wide. 

21- 
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Qianito pasaing through mica- 



438. A vein of granite passing through mica-slate. — Th« 
Other occurs in Conwaj', Maesachusetts, where the mien- 
alate, in nearly a perpendicular iedge, is represented by 
LigJi. 96. The white vein shows the granite passing 
through, without disturbing the slaty struciure. . It is fine- 
grained, and about a foot wide. 

The object of giving this sketch, says the author, is to 
show that this vein has produced no derangement of the 
mica-alote ; for the different particles of that rock occupy 
the same relative position on both sides of the vein; hence, 
it is concluded that the granite was introduced after the 
consolidation of the slate, and probably was injected into 
an open fissure. 



439. Dr. Hibbert describes the manner in which granite 
gradually passes into basalt, in one of the Shetland islands. 
The ranges of the two rocks extend several miles, and 
are perfectly distinct. Near the place where they meet, the 
author says, that the basalt may be observed to contain 
many particles of quartz, this being the first indication oi 
the approaching change in the nalureof the rock. Nearer 
the granite these particles increase and grow larger; and 
the rock is gradually so changed as to consist of quarts 
and homblcnd, feldspar and greenstone, the latter being a 
homogeneous mixture of homblend and feldspar. Again, 
as we approach still nearer the granite, the disseminated 
portions of greenstone disappear, their place being supplied 
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hy an additional quantity of feldspar and quartz. The 
rock now consists of three ingredients — feldspar, quartz, 
end homblend. The last change which takes place,resnlt3 
from the allll increasing accumulation of quartz and feld- 
spar, and the homblend entirely disappears, and we have 
a well-characterized granite, consisting of quartz and feld ■ 

,440. IntTunon of granite into limestone-^Ai Glen Till, 
in the Grampian hiUa, Scotland, the veins of red granite 
are seen branching out in all directions from the principal 
mass, and meeting the contiguous slate and limestone rock. 
The granite veins intermingle with, and disturb the strata 
of the other rocks, in such a manner as to prove not only 
that the former was in a fluid state at the time of its in- 
trusion, but also thai it was forced up with great violence. 







The diagram, Lign.97, from Dr. Macculloch, represents 
the appearance of these rocks. "The granite at this lo- 
cality," saysMr.Lyell, "often sends forth so many veins as 
to reticulate with the limestone and slate, the veins dimin- 
ishing towards their termination, to the thickness of a leaf 
of paper or a thread. In some places, fragments of gran- 
ite appear entangled in the limestone, and are not visibly 
connected with any large mass; while sometimes, on the 
other hand, a lump of the limestone is found in the midst 
of the granite. The granite is marked a, the limestone b, 
and the slate c. The ordinary color of the limestone at 
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Glen Tilt, ia lead blue, and its texture large grained; bnt 
where it approaclies the granite, particularly where it ii 
penetrated by the smaller veins, the crystaline texture.di* 
appears, and it assuraes an appearance exactly like hom- 
etOQC, a change obviously owing to the heat of the intrud- 
ing mineral" 

These proofs are considered sufficient to show the igne- 
ous origin of granite, though an abundance of others might 
be adduced from authors. 
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441. PoRPHyBiTJc Ghanitk. — This name is applied to 
that variety of granite, which has a fine texture, with crys- 
tals of feldspar, sometimes an inch or two in length, scat- 
tered through it. IVhen the color of the base is dark, with 
an intermixture of black mica, this compound has quite a 
curious, and sometimes a striking appearance. Some pol- 
ished specimens of this sort are exceedingly beautiful 
An example of this variely, from Cornwall, figured in Ly- 
elFs Elements, is represented by Lign. 98. 

442. SniMTE.^This is so called from the celebrated 
ancient quarry of Syene, in Egypt, where it is said this 
variety is found. It is composed of quartz, feldspar and 
homblend, being a granile in which the mica is replaced 
by homblend. It is commonly fine-grained, and has all 
the appearance of ordinary granite; nor can it be distin- 
guished from it, except by so close an inspection as to ob- 
serve the difference between the crystals of mica and those 
of homblend. It is said to pass insensibly into sienitic 

WhM is piwphyritio granile I How does lisnitic liiffet from commni. 
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grwnsione by the loss of its quartz, which is a rock of tho 
trap family, composed of feldspar and hornblend. 

443. Serpentine. — The color of this rock is sometimes 
green, black, and white, in crooked stripes, or serpent-like^ 
and hence the name. Serpentine occurs in both divi- 
sions ot the hypogene rocks, being sometimes stratified, 
when it belongs to the metamorphic class ; and when un- 
stratified, it is a plutonic rock. 'I'he pure varieties of this 
mineral, called noble serpentine, consist of hydrated sili- 
cate of magnesia, generally of a greenish color. The 
comimon varieties are mixed with steatite, or soapstone 
and talc. These minerals, are unctuous, or soapy to the 
touch, in consequence of the magnesia in their composi- 
tion. 

Serpentine often passes into steatite, and this into talc, 
or what is known under the name of French chalk, the 
latter being only a crystaline variety of soapstone. It is 
well known that the last-named mineral is in common 
use for domestic purposes, as the linings of stoves and fire- 
places, being uninjured by common degrees of heat. 

444. Talcose slate. — This belongs to the soapstone 
family, talc being the essential ingredient, but it is ordina- 
rily mixed with more or less quartz and mica, and some- 
times with feldspar and hornblend. It is of a greenish 
color, and Unctuous to the touch. This family, though 
not uncommon, are never found in extensive strata, 
fcmning mountains. 



CHAPTER XXXII. 

METAMORPHIC ROCKS; 
THEIR GENERAL CHARACTERS, ORIGIN, NAMES, AND COMPOSITION. 

4 

445. Having thus given such an account as our limits 
will allow of the three great classes of rocks, the Aque- 
ous, or Fossiliferous, (366) ; the Volcanic, (404) ; and the 
Plutonic, or Granitic, (432) ; we now come to the fourth 

. Why is serpentine so called ? To what class does serpentine belong 
What IS the common name of steatite ' 
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and lust grand division, the Metamorphic Rocks. These 
consist of what were formerly called the stratified primary 
rocks, as gneiss, mica-slate, and others, (865.) 

These rocks deposited from water ^ an^ changed by heat.-^ 
Mr. Ljell, the author of this arrangement, says : " Ac- 
cording to the theory which I adopt as most probable, the 
materials of these strata were originally deposited from 
water in the usual form of sediment, but they were subse- 
quently altered by subterranean heat, so as to assmne a new 
texture. It is demonstrable, in some cases at least, that 
such a complete conversion has actually taken place. I 
have already remarked that alterations, such as might be 
produced by intense heat, are observed in strata near their 
contact with veins and dikes (427) of volcanic rocks. 
These, however, are on a small scale ; but a similar influ- 
ence has been exerted much more powerfully in the 
neighborhood of Plutonic rocks under diflferent circum- 
stances, and perhaps in combination with other causes. 
The effects thereby superinduced on fossiliferous strata, 
have sometimes extended to the distance of a quarter of a 
mile from the point of contact. Throughout the greater 
part of this space the fossiliferous beds have exchanged 
an earthy for a highly crystaline texture, and have lost 
all traces of organic remains. Thus, for example, dark 
limestones, replete with shells and corals, are turned into 
white statuary marble, and hard clay into slates, called 
mica-shist and homblend-shist — all signs of organic 
bodies having been obliterated." El. p. 22. 

446. Hypothesis of the conditions which produce such 
changes. — " Although," continues Mr. Lyell, "we are in a 
great degree ignorant of the precise nature of the influence 
here exerted, yet it evidently bears some analogy to that 
which volcanic heat and gasses are capable of producing; 
and the action may be conveniently called plutonic, be- 
cause it appears to have been developed in those regions 
where plutonic rocks are generated, and under similar 
circumstances of pressure in the depth of the earth. 
Whether electricity or any other causes have cooperated 
with heat to produce this influence, may be matter ot 
speculation, but the plutonic influence has sometimes per 

What is supposed with respect to the deposition of the Metamorphic 
rocks? Under what circumstances is it supposed that fossiliferous rocks 
have been changed into mica-slate and gneiss r 
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taded entire mountain masses of strata. The phenomena, 
therefore, being sometimes on so grand a scale, we must 
not consider that the strata have always assumed their 
crystaline, or altered texture, in consequence of the prox- 
imity of granite, but rather that granite itself, as well as 
the altered strata, have derived their crystaline texture 
from plutonic agency." 

447. Fossiliferous strata converted into metamorphic rocks. 
• — That the rocks known under the name of gneiss and 
mica-slate, were originally deposited from water, their 
slaty structure fully proves, since strata can have been 
formed by no other means but deposition. Now. gneiss 
and mica-slate are composed of the same materials as 
granite, viz: quartz, feldspar, and mica, though in the 
former the feldspar is usually less in proportion than in 
granite, and in mica-slate the feldspar is often nearly or 
quite absent, an additional quantity of mica taking its 
place. These rocks are always, or most commonly, found 
associated with granite, as shown by Lign. 71. 

448. Can clay-slate and limestone be converted into gneiss 
and mica-slate ? — This question very naturally arises from 
what has already been stated. We cannot here go into 
a description of all the chemical changes which must take 
place in the conversion of one of these rocks into the 
other ; but simply remark, that clay-slate is chiefly com- 
posed of aluminous earth and silex, and Hmestone, of lime 
and carbonic acid. Mr. Lyell states, "that a texture im- 
distinguishable from that which characterizes the more 
crystaline metamorphic formations, has actually been 
superinduced in strata once fossiliferous." El. vol. ii. p. 
402. 

In proof of such a change, the author cites the following 
facts, which occur near Christiana, in Norway, where 
granite protrudes in yi^untain masses through fossiliferous 
strata. The stratified rocks, replete with shells and 
zoophytes, consist chiefly of shale, limestone, and sand- 
stone ; and all these are invariably altered by the granite, 
for a distance of from 50 to 400 yards. The aluminou:? 
shale is hardened, and has become flinty, sometimes resem- 
bling jasper. Ribboned jasper is produced by the hard- 
ening of alternate layers of green and chocolate-colored 
slate, each stripe faithfully representing the original lines 
of stratification. Nearer the granite the shist often con 
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tAins crystals of homblend, which were met with in some 
places, for a distance of several hundred yards from the 
junction ; and this black homblend is so abundant, that 
eminent geologists, when passing through the country, 
have confounded it with the ancient homblend-shist, sub- 
ordinate to the great gneiss formation of Norway. BVb- 
quently, between the granite and the homblencUc slate, 
above mentioned, grains of mica and crystaline feldspar 
appear in the shist, so that rocks, resembling gneiss and 
mica-slate, are produced. Fossils can rarely be detected in 
these slates, and they are more completely e&ced in pro- 
portion to the more crystaline texture of the beds, and their 
vicinity to the granite. In some places the sihcious mat- 
ter of the slate has become a granular quartz ; and when 
homblend and mica are added, the altered rock loses its 
stratification, and passes into a kind of granite. The 
limestone, which is at points remote from the granite, is of 
an earthy texture, blue color, and often abounds in corals, 
becomes a white granular marble near the granite, some- 
times silicious, the granular stmcture extending occasion- 
ally upwards of 1,'200 feet from the junction ; and the 
corals being for the most part obliterated, though some- 
times preserved, even in the white marble. Both the altered 
limestone and hardened slate contain garnets in many 
places ; also, ores of iron, lead, and copper, with some silver. 

From these, and other facts of a similar nature, Mr. 
Lyell assumes, " that powers exist in nature, capable of 
transforming fossiliferous into crystahne strata; powers 
capable of generating in them a new mineral character, 
similar — nay, often absolutely identical — with that of 
gneiss, mica-shist, and other stratified members of the 
^ypogene series." 

Having thus explained Mr. Lyell's theory of the 
changes which the hypogene rocks have undergone, 
showing that what are now gneiss and mica-shist, were 
once clay-slate or sandstone, we will proceed to notice 
some of the individuals of this class. 

449. The chief members of the metamorphic series, axe 
gneisSj mica-shist, hornblend-shist, clay-slate, chlorite-skUt^ 
and metamorphic limestone. [We \ise the word slate when 

What are the members of the Metamorphto series ? What is the differ* 
enne between shist, and slate ? 
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the mmeral is fissile, bui when tlie structure, though alaty, 
is not divisible into thin layers, skisl is used.} 

450. Gneiss. — This cock may be considered stratified 
granite, being fonned of the same materials, namely, 
quartz, feldspar and mica. The strata are often imperfect, 
the layers running into each other. The materials are not 
. promiscuously intermingled, as in granite, but are segre- 
gated together ; and each commonly having a di^rent 
color, the rock haa a striped appearance, especially vhen 
broken across. 




MeUmorphit 



A specimen of this rock is represented by Ltgn. 99, and 
which gives a good idea of its most common appearance. 
In this specimen, the white layers consist of granular 
feldspar, with here and there a speck of mica and a grain 
of quartz. The dark layers are composed of gray quartz 
and black mica, with occasionally a grain of feldspar in- 
termixed. The rock splits most easily in the plane of 
theee darker layers, and the surface thus exposed is almost 
fmtirely covered with shining spangles of mica. As 
already stated, (447,) this rock is nearly always as- 
sociated with granite, and probably the heat by which it 
has acquired its present form and texture, was communi- 
cated from that rock. 

451. Mica Smsr. — This, next to gneiss, is the most 
abundant of this series of rocks. It is chiefly composed of 
mica and quartz, the feldspar being only in small quan- 
tities, or in some Instances quite absent. The quartz is 
usually in fine grains, and the mica usually predominates, 
or, at least, is much the most apparent, some specimens 

WbitbthecompoulionofgaeiH! Hoo'doMgneiu differ ttomfjaiuw* 
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being chiefly composed of small scales of mica, closely 
adhering together. It is much more distinctly stratiflcxi 
tlian gneiss, and where the mica is abundant between the 
layers, is easily split into slabs. 

At Bolton, Ct. is an extensive quarry of mica-shist, from 
which large quantities are taken, chiefly for the purpose of 
flagging the side-walks of cities. The flaggings of the city 
of Hartford, often present these strata, measuring 12 or 
14 feet in length, by 8 or 10 wide, and only four or five 
inches thick, and perfectly level. These are split at the 
quarry, and are so perfect in all respects, as only to require 
the chisel to trim the edges. The strata at this quarry, 
where the best specimens occur, are nearly perpendiculiur. 
Gneiss is intermediate between granite and mica-shist in 
its structure, and is often interposed between these rocks, 
lying over the former and under the latter, {Lign. 71.) 
Indeed, these rocks pass by insensible grades into each 
other, the gneiss passing into granite by losing its stratified 
structure, and into mica-shist by becoming fissile. This 
rock often contains garnets, very perfectly formed, with 
twelve sides, and of a reddish color. 

452. HoRNBLEND-SHisT. — This is composed principally 
of homblend, with a variable quantity of feldspar, and 
sometimes grains of quartz. It is usually of a dark or 
black color ; and when the homblend and feldspar are 
nearly in equal quantities, and the rock is not slaty, it cor- 
responds in character with greenstones of the trap-family, 
(417,) and has been called "primitive greenstone." 

453. Clay-slate, Roof-slate. — The soft, yellowish 
clay-slate is an aqueous deposit ; while the roof-slate is 
found among the primitive or metamorphic rocks. It 
usually is of a dark or slate-color, exceedingly fissile, being 
readily split into layers of only a quarter of an inch in 
thickness. It is well known as a roofing-slate, and is also 
in extensive use, as a graphic, or writing-slate for schools. 

454. CuLORiTE-sHisT. — 'lliis is a green slaty rock, in 
which the simple mineral, chlorite, so named on account 
of its green color, is the essential ingredient, and occurs in 
the form of foliated plates. It is commonly blended with 
grains of quartz, and sometimes with feldspar and mica. 
It never occurs in such quantities as to form moimtains. 

What is the composition of homblend-shist ? What is the appearanot 
of chlohte-shist 7 
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CHAPTER XXXIII. 

RELATIVE AGES OF THE FOUR CLASSES OF ROCKS. 

455. We have now named and described, separately, all 
the principal members of each of the great classes into 
which geologists of the present day divide the Mineral 
Kingdom. But the subject of rocks, though treated of in all 
other respects, cannot be considered as finished until some- 
thing, either by waj'' of facts or conjectures, be oflfered 
with respect to their relative ages. Of the actual epoch 
of their creation — that is, when " God created the heavens 
and the earth^^ — of course, we know nothing. This, the 
Mosaic history informs us, was in the " beginning;''^ and we 
must believe, however remote might have been that period, 
that all the materials of which the earth consists, were 
brought into existence at that time; since there is no ac- 
count of the creation of any inorganic matter, belonging 
to our earth, at any subsequent period. These materials, 
as we shall more particularly show hereafter, have under- 
gone great, and, in many instances, repeated changes 
among themselves, and with respect to each other. But 
the actual periods of time, when these ancient changes 
were effected, were too remote even for conjecture, and 
therefore it would be useless to speculate on that point. 
The period, however, at which the rocks assumed their 
present relative positions — ^that is, which first took its pres- 
ent situation with respect to the others — is a question 
which can often be decided by the indications of the rocks 
themselves ; and this is the subject of the following 
observations. 

AGES OF THE AQUEOUS ROCKS. 

456. It will be quite apparent, that with respect to the 
relative ages of a series of horizontal strata, lying in the 
position in which they were deposited, the lower stratum 
must be the oldest, and the upper newest. Each layer in 
such a formation was once the uppermost, whatever sit- 
uation it may now occupy with respect to the others. The 

How are the ages of horizontal strata determined with respect to e^cb 
•dier? 
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lowest stratum, when first deposited, was the highest, 
until another was placed upon it ; and so of all the othera, 
until the deposition ceased. 

457. Fractured strata difficult to determine. — When the 
strata, though once horizontal, have been broken, curved, 
or inclined, or perhaps placed the lower upon the upper, it 
is often difficult to decide concerning the original order of 
superposition. In these cases, which often occur to the 
experienced geologist, the only method of decision is to 
find, in the continuation of the strata, a spot where no. dis- 
turbance has taken place, when the original order can be 
determined. 

458. Test of fossil remains. — In cases where peculiar 
fossils, as a particular species of shells, are found in the 
seams of horizontal strata, and the samd" occur where the 
rock has been disturbed, and placed in an inclined, or even 
vertical position, the discovery of the same species in the 
disturbed strata, is a sufficient proof of a simultaneous 
deposition throughout the entire range. If, now, we 
descend a few yards, or sometimes even feet, below, oi 
above, the strata, which might have been identified by 
these peculiar remains for hundreds of miles, we shaU 
probably find an entirely different order of fossils, which 
identify another set of strata as before. 

459. Universal application of this test. — The above test 
of the similar age of strata, by the identity of the fossil 
species they contain, has been verified in. almost every part 
of the earth ; and, says Mr. Lyell, has led to a conviction, 
that at successive periods of the past, the same area of 
land and water has been inhabited by species of animals 
and plants, as distinct as those which now inhabit the 
antipodes, or which now coexist in the arctic, temperate, 
and tropical zones. It appears that, from the remotest 
period, there has been ever a new coming in of new organic 
forms, and an extinction of those which pre-existed on the 
earth ; some species having endured for a longer, othera 
for a shorter period ; but none having ever reappeared after 
they became extinct. This circumstance it is which 
confers on fossils their highest value as chronological 
tests, giving to each species, in the eye of the geologist, 

What is said of fossils as a test ? How do fossil shells become the test 
>f asfiD of rooks in different (XMintriee ? 
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I 

that authority which belonors to contemporary medals iu 
history. 

460. Example of this test. — As an example of the ap- 
plication of this test, suppose that the terebratula, an ex- 
tinct species of shell, is found in England, France, and 
America, then it is concluded that the strata in which it 
occurs is of the same age, being formed at the same period, 
in all these countries. An experienced geologist, therefore, 
only requires a fossil shell in order to determine the com- 
parative age, and perhaps the species of rock, to which it 
belonged, no matter how deep the strata, or distant the 
country where it was found. 

461. Test by included fragments. — Sometimes the frag- 
ment of older rocks are included in the strata of the newer 
ones. This test may be of use where it is desired to decide 
the relative ages of formations, in the absence of more 
clear indications. Thus, in the neighborhood of a chalk 
formation, if clay-slate or sandstone contain nodules of 
flint, such as are found only in chalk beds, then it is evi- 
dent that the chalk is older than the slate or sandstone, 
since it is by the disintegration of the former, that the 
latter has been able to afford such evidence. 

RELATIVE AGES OF VOLCANIC ROCKS. 

462. Test by Superposition. — If we find a volcanic 
product resting on an aqueous deposit, it is evidence that 
the volcanic matter is the newest of the two. But there 
may be cases where the reverse does not hold true ; since, 
if we examine below the surface of an aqueous deposit, and 
there find a stratum of volcanic matter, it does not show 
that the latter is the oldest, and that the deposit has 
been formed on it, because the volcanic stratum might 
have been forced between the others, without reaching 
the surface. (See Lig-n. 91.) 

463. Test by the protrusion of dikes. — When fused 
matter is forced up from below, fornjing dikes, (Lign. 80,) 
the strat£u*on both sides are usually disturbed, showing 
clearly that these were formed before the disturbance, and 
therefore that the dike is the newest of the two. 

464. Test by included fragments. — We may some- 



Give an example of this test. How do included fragments become tests 
of the relative ages of rocks ? Explain the teat of age by superposition ! 
How do dikes decide the relative ages ? 

22* 



258 DIFFERENT AGES OF THE PLUTOKIO ROCXft. 

times determine the comparative ages of volcanic lockii 
by the fragments of other rocks which they contain. 
Thus, if a stream of lava contains fragments of trap, 
we may know that the trap is the oldest. If rolled peb- 
bles of trap are included in fossilifer /us strata, it proves 
that the strata are the newest of the two. The leaaons 
for both are obvious. 

DIFFERENT AGES OF THE PLUTONIC B.OCKS. 

465. If we believe the Plutonic rocks, as granite, have 
originated at successive periods beneath the surface of 
the earth, we must be prepared to encounter greater diffi- 
culties in ascertaining their ages, than in the case of 
aqueous, or volcanic formations. Still the same general 
principles must here be employed as in the cases to which 
we have alluded. 

466. Test by relative position. — Where fossiliferoufl 
strata are met with, reposing on granite, or other plutonic 
rocks, it must, of course, be inferred, that the inferiority 
of position is connected with the superior antiquity of the 
granite. 

467. Intrusion and alteration. — But when granite, in 
the state of fusion, sends protrusive veins into gneiss, or 
other stratified rocks, as shown by Lign. 94, we must 
conclude that the gneiss is older than the intrusive matter. 

468. Test by mineral composition and appearance. — In 
general, the proportions of the materials of which gran- 
ite rocks are composed, as well as their colors, are 
remarkably uniform in the same ranges of mountains. 
But it is rare that these characters are the same in dilQfer- 
ent ranges. An experienced mineralogist, by such dif- 
ferences, has no hesitation in pronouncing, at a glance, 
whether a hand specimen belonged to a certain range in 
the Alps, or in Scotland, or in particular parts of Amer- 
ica. The sienite of Gluincy, near Boston, is a good illus- 
tration of these differences ; for although it has nothing 
remarkable in texture or color, yet the minftralogist, as 
well as the quarry-man, will distinguish it, in an instant, 
though mixed with hundreds of other granitic specimens. 
The geologist, from similar peculiarities of structure, 

y i -■- — ■I....I ■■■I — -i-.i- ■■ ■■- ■ ■■_. ■■■■ ^1—^— 

Explain the test by included fragments. Explain the test of age by 
composition and appearance. Explain how granite, though the olcwst oIL 
rocks, may be newer than gneiss. 
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or appearance, can often determine the original continuity 
of the same range, where portions of it have been dis- 
turbed, or covered over and buried by subsequent strata 
469. Rendered accessible only by upheaval and denu^ 
dation. — It is supposed, as already explained, that the 
granites, and other plutonic rocks, have originated at 
considerable depths under the land or sea, (364,) and 
therefore are never exposed to human observation until 
they are lifted to the surface by volcanic force, and after- 
wards laid bare by the action of water, or by denudation, 
(407.) We must, therefore, suppose that these rocks, in 
point of actual formatioh, are the most ancient materials 
of which the crust of the earth is composed. It may, 
however, be the case that they have been fused, and even 
taken their granitic structure, perhaps, in limited portions, 
long after the stratification of gneiss or mica-shist had 
commenced over them. In this case, as shown by Lign. 
94, the fused granite must have been of more recent date 
than the superincumbent gneiss, though, in general, the 
great body of granite rocks had a priority of age. 

DIFFERENT AGES OF THE METAMOIIPHIC ROCKS. 

^ 470. These rocks may be considered as having a two- 
fold age— one the period of their deposition, and the 
other the period of their crystaline change by igneous 
causes, (454.) . 

We can rarely hope, says Mr. Lyell, to define with 
exactness the date of both of these periods ; the fossils 
having been destroyed by plutonic action, and the min- 
eral characters being the same, whatever the age. 
Superposition itself is an ambiguous test, especially 
when we desire to determine the period of crystalization. 
Suppose, for example, we are convinced that certain 
metamorphic strata in the Alps, which are covered by 
cretaceous beds, are altered lias ; this lias may have as- 
sumed its crystaline texture in the cretaceous, or some 
tertiary period — the Eocene, for example. If in the latter, 
it would be called Eocene, when regarded as a metamor- 
phic rock, although it be liassic, when considered in refer- 
ence to the era of its deposition. El. p. 294. 

471. Primitive limestone. Carara marble. — We have 

How do metamorphic rocks have a two-fold age ? 
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already described a case, (448.) where limestone was 
changed by heat into metamorphic rock. It appears, from 
the following, that what is now Carara marble was once 
common limestone. This marble abounds in the Alps, 
and its great antiquity was inferred from its ciystalme 
texture, from the absence of fossils, and from its pas- 
sage into mica-shist, containing garnets, lliis marble, 
formerly supposed by geologists to have been formed be- 
fore the existence of organic beings, has been proved to 
be altered limestone of the OoUtic period, and the underly- 
ing ciystahne metamorphic rocks, are secondary sand- 
stones and shales, modified by volcanic heat. 

472. Comparative ages of granite and metamorphic rocks. 
— The undisturbed strata of the metamorphic rocks are 
superincumbent on granite, whenever both are foimd togeth- 
er. Hence the supposition that granite was the first created 
rock, having been called, by the old observers, the " back- 
bone " of the earth. It was from the disintegration of 
this, and the transfer of its particles by water, that it 
was believed the stratified rocks, gneiss and mica- 
shist, were derived. Nor do modem facts appear to 
overthrow the foundation of this belief. When, there- 
fore, gneiss and mica-shist are overlaying granite, and 
on the former we find fossihferous strata, and over the 
strata, alluvium, and over the last, volcanic products, (all 
of which sometimes occur in the order named,) we are 
at no loss to decide, by the orders of superposition, whicn 
are the oldest, which middle-aged, and which the most 
recent of the series. 
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VOLCANOES; 
TBEUL GE06B.APH7, GENERAL CHARACTER. AND GEOLOGICAL CONNECTIONS 

473. The effects of water, in changing the form of 
the earth's crust, by the deposition of strata and denuda- 
tioi^, have been described in detail, to the extent of our 
limits. These effects are gradual, and generally so slow 
as to require centuries, in order to produce any consider- 
able results. The changes produced by earthquakes, on 
the contrary, are often as sudden as they are calamitous 
and fearful; sometimes in a single hour, or even moment, 
not only reducing to fragments the most costly and solid 
monuments of man's industry, but also mutilating the 
face of the earth itself : tearing down mountains, elevating 
islands from the depths of the ocean, or burying whole 
countries under inundations of liquid fire. 

GEOGRAPHY OF VOLCANOES. 

474. It is a striking circumstance, in the history of 
volcanoes and earthquakes, that these awful exhibitions 
of nature have hitherto been almost entirely confined to 
certain regions of country. At present, the Andes of 
South America are among the best defined of these 
regions. Beginning with Chili, in the 46° of south lati- 
tude, and proceeding north to the 27° of the same latitude, 
we shall find a line of volcanoes so uninterrupted, that hard- 
ly a degree is passed without the occm'rence of one of these 
agents in an active state. About twenty are enumerated 
within that space, and there is no doubt but many more 
exist, some of which are dormant, and perhaps some have 
l»ecome extinct. How long an interval of rest entitles a 
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volcano to be considered as extinct, is not determined. 
Those which have always been inactive since the era of 
history, may perhaps be so considered. The volcano of 
Ischia, in Italy, was silent for a term of 1700 years; after 
which, it again commenced a series of eruptions. 

475. Volcanoes of Chili. — The volcanoes of Chili have 
their chimneys pierced through mountains of granite, thug 
exhibiting the effects of a degree of force, of which man, 
without the existence of such phenomena, could have 
no where ■I'air ed the least conception. Yillarcia is one of 
the principal volcanoes of thb district. It is so elevated 
as to be visible at the distance of 150 miles, and bums 
without intennission. Every year the inhabitants of this 
province experience shocks of earthquakes. In 1822^ the 
whole coast of Chili, to the extent of 100 miles, was ele- 
vated several feet by a subterranean convulsion, of which 
we shall give an account hereafter. 

476. Volcanic chains. — Proceeding to the north, where 
the Andes attain their greatest elevation, we find in the 
province of Cluito, Cotopaxi, Antisana, and Pichinca, all 
of them in an active state, and frequently emitting flames. 
Tunguragua, is also in the same district. This moun- 
tain, in 1797, threw out a deluge of mud, which filled 
valleys a thousand feet wide, and six hundred deep, form- 
ing barriers by which rivers were dammed up and lakes 
formed. North of Cluito, in the provinces of Pasto and 
Popyan, occur six other volcanoes ; and in the provinces 
of Guatamala and Nicaragua, which he between the 
isthmus of Panama and Mexico, there are no less than 
twenty-three volcanic mountains, all of them situated 
between the 10° and 15^ of north latitude, some of which 
are constantly in an active state. 

This great volcanic chain, after being thus extended 
from south to north, nearly in a direct line, is continued 
through a great part of Mexico, from west to east. Heie 
are five active volcanoes, known by the several names of 
Tuxtla, Orizaba, Popocatepetl, Jorullo and Colima. Still 
north of Mexico, in the peninsula of Cahlbmia, there are at 
least three, and, according to some, five burning mountains. 

Thus we see that this volcanic chain extends nearly in 
an uninterrupted course from Chih to the north of Mexico, 
a distance of nearly 4,000 miles. 

Another continuous volcanic range, of nearly equal 
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extent, begins at the Aleutian -.lands, belonging to Rus- 
sian America, and by a circuitous route, passes to the 
Molucca islands. I'hrough this whole extent, earth- 
quakes of the most terrific description are common. 

477. But our limits will not permit, the enumeration of 
all the volcanic tracts described by authors. Besides 
those already mentioned, Kamschatka has seven burning 
mountains ; the island of Java contains thirty-eight great 
volcanoes ; the Molucca islands contain several, - and 
among them that of Sumbawa, which, in 1815, suffered 
one of the most tremendous eruptions recorded in history. 
The islands of Jesso and Niphon, and Sumatra, contain 
more or less volcanoes ; and from the Caspian sea to the 
Azores, is a volcanic range. Of Sicily and Italy it is 
hsurdly necessary lo speak in this enumeration, since the 
descriptions of Etna and Vesuvius, or Herculaneum and 
Pompeii, are well known, and are sufficient to indicate the 
volcanic disposition of that part of Europe. The West 
India islands have occasionally suffered great calamities 
from this cause; and Iceland contains many burning 
mountains, among which is Skaptar Jokul, which, in 1783, 
suffered an extraordinary eruption, which we shall describe. 

The whole number of volcanoes known is about 200. 

478. General characters and geological connections of 
volcanoes. — The forms of volcanic mountains are gener- 
ally so peculiar as to be distinguished from all others. 
They are commonly of considerable height, and sometimes 
very lofty. When solitary, they are of a conical form, 
and more or less truncated, that is, bearing the appearance 
of having been cut off at the top. When active, or but 
lecently exthiguished, the truncation has within it a cav- 
ity of greater or less size, called the crater. 

The accurate form of a perfect crater is an inverted 
conoid, and on Cotopaxi and Teneriffe, they are surrounded 
by walls of lava, but most commonly this part is composed 
of ashes which have fallen down during eruptions. The 
size of the crater does not necessarily bear any proportion 
to that of the mountain. In some mountains, both the 
size and shape varies with every eruption. 

479. Proximity of volcanoes to the sea. — In nearly all 
instances, volcanoes are seated near the sea, or in the 
vicinity of a large body of water, and it was formerly 
though^ jtb^t proximity to the water, was absolutely 
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necessary to their action nor is it certain that this is not 
the case. The only exception to this general fact, is 
Jorullo. one of the burning mountains of the Andes^which 
is situated more than a hundred miles from the ocean, nor 
does it appear that any considerable body of water is near 
it. It has, however, been suggested, from some circum- 
stances observed with respect to this mountain, that it 
may possibly communicate with the sea by a deep fissuxa 
In many instances, volcanoes have thrown out mud or 
water, instead of lava and ashes ; and in some instances, 
fish of various kinds have been found in the water thus 
emitted, though no previous suspicion had existed of a 
communication between the mountain and the sea. 

VOLCANIC ERUPTIONS. 

480. The action of most volcanoes is periodical, or 
intermitting, though this is not the case with all. Vesu- 
vius and Etna are sometimes dormant for a series of 
years ; but Stromboli, in the vicinity of the former, has 
been constantly burning, ever since two hundred and 
ninety-two years before the Christian erij, being upwards 
of two thousand years. Jomllo has continued to emit 
flames ever since 1759, at which time it was elevated 
from the plain on which it stands. But Vulcano suffered 
no eruption for eleven centuries, and we have already 
noticed that Ischia lay dormant for seventeen himdred 
years. 

The appearances which attend volcanic eruptions, are 
various. In some instances, flames issue suddenly and 
silently from the cone, affording only splendid picturesque 
phenomena. But in others, the scene is the most temfio 
and appalling of which the imagination can conceive 
For these descriptions, we must, however, refer to particu- 
lar eruptions, an account of which will follow. 

The eruptions of Vesuvius and Etna, these mountains 
being in the midst of a highly cultivated people, are best 
described. Indeed, from the time of Pliny, to the present 
day, these have been the subjects of interesting and learned 
dissertations. 

481. First appearance of an eruption. — In general, the 
first appearance of an eruption consists in a column ot 
smoke, rising to a great height, and then spreading out in 
the form which Pliny compared to that of a pine tree. 
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This is followed by explosions from the crater ; by trem- 
bling of the earth, or perhaps by its alternate rising and 
falhng; the whole being attended by a rumbling, subter- 
ranean" sound, forming both an eruption and an earth- 
quake. Flame is then seen to issue from the cone, 
attended by red-hot stones, often thrown to the height of 
several hundred feet, producing, in the night, those brilliant 
wad terrific phenomena, so often described. During the 
emission of the black smoke, and before the flame issues, 
there are often the most vivid flashes of lightning, which 
add greatly to the splendor of the scene. After these 
phenomena have existed for a longer or a shorter time, the 
melted lava, rising to the edge of the crater, flows over it, 
and runs down the side of the mountain into the plain 
below. This is in the form of a torrent of liquid fire, often 
narrow, but sometimes many miles in width. It sometimes 
proceeds rapidly, but more often slowly, the last portions 
of lava passing over the first, in small cascades. Some- 
times, or from some mountains, there is much smoke, and 
but little lava ; while from others, or at other times, the cra- 
ter vomits rivers of melted matter, without smoke or flame. 

The eniption of lava is often followed by showers of 
ashes, which consist of finely divided particles of lava, 
and which are often wafted by the wind to the distance of 
several hundred miles. 

The quantity of matter ejected by some volcanoes, is 
astonishingly great. Brieslak, an Italian geologist, cal- 
culated that the quantity of lava which flowed from a 
volcano in the island of Bourbon, in 1796, amounted to 
45.000,000 of cubic feet ; and that the quantity from the 
same, in 1787, was 60,000,000 of cubic feet ; and during 
one eruption from a mountain in Iceland, the lava flowed 
about ninety miles, having a width of at least twenty 
miles, and in some places, a depth of several hundred feet. 

PARTICULAR ERUPTIONS. 

We shall describe a few volcanic eruptions, selecting 
only those which have been the subject of pecuhar, or 
scientific interest, or which have produced extraordinary 
effects, either with respect to the destruction they have 
caused, or the quantity of lava they have ejected. 

482, Eruptions of Vesuvius. — The most ancient erup- 
tion of tliis Italian mountain, of which there is any par- 
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ticuiar description, was in A. D. 79, at which time the 
cities of Herculaneum and Pompeii were destroyed. It 
does not appear that any lava, or melted matter, was emit- 
ted at this eniption ; the ejected substances being sand, 
ashes, and mud. But it is certain that this moimtain had 
previousl}' emitted lava, since the streets of this city are 
paved with this substance. The first stream of lava, of 
which there is any account, was in 1036, being the sixth 
or seventh eruption on record. From this period, all the 
eruptions which have taken place, are recorded, and many 
of them described by scientific men, and at great length. 

Some of them produced considerable changes, not only 
in the form and appearance of the mountain itself, but 
also of the country in the vicinity'. That of 1538, ele- 
vated the land along the coast of Naples many feet, 
destroyed many \illages, and produced Monte Nuoyo, 
which is still 440 feet in height. A description and figure 
of this mountain has been given, Liorn. 86. 

The mountain reduced in height. — From about the end of 
the 18th century to 18*22, the great crater of Vesuvius had 
been filling up gradually with lava, which boiled up from 
below, so that the bottom of the cavity presented a kind 
of rocky plain, covered with blocks, cmgs, and hillocks of 
volcanic matter. But during the latter year, in the month 
of October, the form and appearance of the ancient crater 
was entirely changed. The explosions at that time were 
80 violent during twenty days, as to break up and throw 
out the whole of that accumulated mass, leaving an im- 
mense gulf, or chasm, about three miles in circumference, 
and in some parts 2,000 feet deep. At the same time 
about 800 feet in height, of the original cone or top of the 
ancient crater, was carried away by the explosions ; so that 
Vesuvius became reduced in height, from about 4,200 to 
3,400 feet. — Forbes in Ed. Journal, and Scrope in Jour, of 
Science. 

483. Regular strata in the crater. — In ascending the 
mountain, its sloping sides are found to be covered with 
loose materials, intermixed with each other, without the 
slightest order, and just as they fell from the crater. But 
on arriving at the crater itself, the beholder is surprised to 
find that every thing is there arranged in the most perfect 
sjrmmetry, and that the materials are disposed in regular 
undulating strata. These consist of alternate layen, 
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compOBed of lava, sand, ashes, and scoria, Ijiiig in distinct 
beds, and alternating with each other. These havo 
leaulted from the dif^rent colors and coarseness of these 
materials, and which severally remain in the same situa- 
tion and succession as they fell from the air during th« 
difierent eruptions. 







In some parts of the crater, are seen dikes or veins, of 
more compact matter, intersecting the above-described 
strata. These are on the outside of the cone ; and being 
harder than the volcanic matter through which they have 
passed, they have resisted decomposition, and therefore 
project above the surface. 

These have undoubtedly been formed by the filling up 
of open fissures with liquid matter, forced up from below. 
At what period they were formed is unknown, but if such 
fissures are formed by the cooling, and consequent shrink- 
ing of the crater, after an eruption, it is probable that, at 
the next eruption, these are filled with the fused matter, 
■o that some of these veins may be formed at every 
eruption. 

484. Veins and dikes in the crater — In the adjoining 
diagram, Lign. 100, from Lyell's Geology, these veins or 
dikes are represented, as also is the cone and crater of 
'Vesuvius, and a part of the ancient Somma, as they 
appeared in 1828. a. Mount Somma, or the remains of 
the ancient cone of Vesuvius j h, the Pedamentina, a ter- 
race-like projection, inclosing the base of the recent cone 
of Vesuvius on the south side ; e, Atrio del Cavallo, ao 
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called, because travelers leave their mules there, when 
they prepare to ascoml to the cone on foot ; d e, the crater 
of Vesuvius, left bv the eruption of 1822; J\ a small cone 
m the bottom of the crater, thrown up in 1828. In the 
bottoms of many craters there are several of these small 
cones, which are constantly emitting steam, or smoke, 
and sometimes throw up lava ; ^^, dikes intersecting the 
ancient strata of Somma; h A, dikes intersecting the 
recent cone of Vesuvius. 

485. Steam producing rain. — Immense volimies of steam, 
or aqueous vapor, are evolved from the craters of volca- 
noes, during eruptions. These vapors, being condensed 
by the surrounding atmosphere, often fall down in torrents 
of rain. The rain precipitates the volcanic dust from the 
air, and sweeps that along which had fcdlen on the 
declivity of the mountain, until a torrent of mud is pro- 
duced. Such torrents are as much to be dreaded as the 
inundations of mud which are sometimes thrown from the 
volcano ; and, with the exception of the heat, are more 
disastrous than burning lava, being much more rapid in 
their descent. In 182"2, one of these mud streams de- 
scended from Vesuvius, and, after destroying a district of 
cultivated ground, suddenly flowed into the villages of 
St. Sebastian and Massa, where, filUng the streets, and 
some of the houses, it suffocated seven persons. 

DESTRUCTION OF POMPEII AND HERCULANEUM 

486. These cities were overwhelmed, and destroyed in 
the year A. D. 79, and most probably either by an allu- 
vion of mud, such as we have just described, or by an 
emission of the same kind of matter from the mouth of 
the volcano. 

It has been supposed, that it was by an eruption of lava 
that these cities were destroyed; but Lippi, an Itahan 
writer, has shown that many facts presented by their 
ruins are incompatible with this opinion. Thus the casts, 
or impressions of persons, which still remain, especially of 
a woman, found in a vault at Pompeii, cannot be accounted 
for on the supposition of flowing melted lava, nor of fall- 
ing volcanic ashes ; for the first would have utterly 
destroyed the fonn of the body, and the second could not 
have reached through the roofs of the buildings. 

487. Not destroyed by lava. — "There is decisive evi- 
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dence," says Mr. Lyell, "that no stream of lava ever 
leached Pompeii since it was first built, although the 
foundations of the town stand upon the old lava of Mount 
Somma, several streams of which have been cut through 
in making excavations. At Herculaneum, the case is 
different, although the substance which fills the interior 
of the houses and vaults, must have been introduced in a 
state of mud, like that found in similar situations in 
Pompeii ; the superincumbent strata differ wholly in com- 
position and thickness. Herculaneum was situated sev- 
eral miles nearer to the volcano, and has, therefore, been 
always more exposed to be covered, not only by showers 
of ashes, but by alluvions, and streams of lava. Acoord- 
ingly, masses of both have accumulated on each other 
above the city, to a depth of no where less than 70, and 
in some places 112 feet. The tuff or mud, which envelops 
the buildings, consists of comminuted volcanic sand, mixed 
with pumice. A mask, imbedded in this matter, has left a 
east, the small lines and angles of which are quite per- 
fect, nor did the mask present the least indication of heat." 

These cities were both sea-ports, and Herculaneum is 
still near the shore, but Pompeii is at some distance from 
it, the intervening land having been made, at various 
times, by volcanic matter. 

Herculaneum was discovered 1713, by the accidental 
circumstance of a well being dug, which came directly 
upon the theatre, where the statues of Hercules and Cleo- 
patra were found. These cities are mentioned by ancient 
authors, as being among the seven flourishing towns of 
Campania; they were originally settled by Greek colonies. 

488. Rebuilding of these cities. — Both at Herculaneum 
and Pompeii, temples have been found, with inscriptiwis, 
commemorating the event of their rebuilding, after having 
been overthrown by an earthquake. This earthquake 
happened in the reign of Nero, sixty-three years after the 
Christian era, and sixteen years before the catastrophe by 
which they were finally destroyed. 

It is supposed that about one-fourth of Pompeii is imcov- 
eied, presenting streets, walls, temples, houses, and mion- 
mnents of art, many of them in the same condition as they 
were nearly 2000 years ago. Being covered with a del- 
uge of mud, even the paintings have been preserved, and 
the wood remains in a perfect state. In some instances 
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the walls of the buildings are rent, probably by the eartb- 
quake which happened before the fatal eruption, but the 
edifices chiefly remain entire. 

489. Interesting ruins. — Circumstances of great interest 
and curiosity are every where indicated among these ruins. 
Columns have been found lying upon the ground half fin- 
ished, showing that the workmen were dnven from thdi 
labors;* and the temple, for which they were designed, 
remains unfinished. In some places, the pavement in the 
streets has simk down; but, in general, it remains entire, 
consisting of great flags of lava, in which two immense 
ruts have been worn by the constant passage of wheel- 
carriages. When the hardness of the stone is considered, 
the continuity of these ruts, from one end of the town to 
the other, is not a httle remarkable, for there is nothing 
like it in the oldest pavements of modem cities. 

490. Inhabitants mostly escaped. — Only a very small 
number of skeletons have been found in either city; and 
it is therefore certain, that most of the inhabitants had 
time to escape, and also to take with them most of their 
valuable effects. In the barracks of Pompeii, were the 
skeletons of two soldiers, chained to the stocks ; and in the 
vault of a house, in the suburbs, were the bones of seven- 
teen persons, who appear to have fled there to escape the 
shower of ashes. They were found inclosed in indurated 
tuff or mud, which flowed from the mountain. In this 
was preserved the cast of a woman, perhaps the mistress 
of the house, with an infant in her arms. Though her 
form was impressed in the rock, nothing but her bones re- 
mained. To these bones a chain of gold was suspended 
around the neck, and rings with precious stones were 
found on the finger-bones of the skeleton. 

The writings scribbled by the soldiers on the walls 
of the barracks are still visible; and the names of the 
owners, over the doors of their houses, are often easily 
read. 

The colors of fresco paintings on the stuccoed walls, 
in the interior of the buildings, are frequently almost as 
vivid as if they were just finished. Some of the public 
fountains have their pavements decorated with shells, laid 
out in patterns, still retaining, in all respects, their original 
condition; and in the room of a painter, who wasT per- 
haps, also a naturalist, was found a large collection of 
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thi3l1s, comprising a great variety of the Mediterranean 
species. These were in as good a state of preservation 
as if they had remained the same number of years m a 
museum. 

Wood still sound. — The wooden beams of the houses at 
Herculaneum are black on the exterior, but when cleft 
open, they appear to be nearly in the state of ordinary 
wood, and the progress made by the whole mass towards 
the state of lignite, (mineralized wood,) is hardly appre- 
ciable. Even small substances, of vegetable origin, are 
often found in a state of entire preservation. Fishing-nets 
are abundant in both cities, and often quite perfect ; and 
ux a fruiterer's shop were found vessels full of almonds, 
chestnuts, and walnuts, all in perfect shape. And what 
is still more extraordinary, in a baker's shop was discov- 
ered bread, with the name of the maker stamped upon the 
loaf, thus: Eleris Ql Crani Riser. On the counter of an 
apothecary was a box of pills, converted into a fine earthy 
substance, and, by its side, a small cylindrical roll, evi- 
dently prepared to be cut into pills. 

ERUPTIONS OF ETNA. 

491. Etna appears to have been periodically active from 
the earhest times of history, for Diodorus Siculus mentions 
an eruption of it, which caused a district of country to be 
deserted by its inhabitants before the Trojan war; and 
Thucydides informs us that between the time when Sicily 
was colonized by the Greeks, and the commencement of 
the Peloponnesian war, that is, in 43 1 B. C, there had 
occurred three eruptions of this mountain. 

Great eruption of 1669. — But, notwithstanding notices 
of this mountain were recorded thus early, the first erup- 
tion which has been particularly described, was the great 
one of 1669. An earthquake, previous to this eruption, 
had levelled many of the villages and towns in the neigh- 
borhood, and at the commencement of which, an extraor- 
dinary phenomenon happened in the plain of St. Lio. Here 
a fissure, six feet wide, and of an unknown depth, opened 
in the ground, with a loud, terrific, crashing noise, and ran 
in a tortuous course, nearly to the top of Etna. Its direc- 
tion was from north to south, and its length twelve miles. 
This fissinre, as it opened, emitted vivid flashes of hght. 
Five other parallel fissures, of considerable length, after- 
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wanls o;»erie i. one afier th*.- other, eijiitting smoke, ftiid 
criviiJirou! :L*f mo^t horh.l b-ilowiij:^:^. \vhich were heard 
10 \h*^ ii!<::::C'^ of :Vrv ::i:>--. 

Tiiis c»>o i-iiV- !>':;i .' a\ HK!!lai:i ilii? manner in which 
the liikts vti'' i .i::ir..i iii liie cone oi' Vesuvius, already 
descnbe.l aini iiguro^: ; lor the light emit r oil by these fissures 
would ^eem to indie ft: o. r^t least in some instances, that 
they were, to a certain height, filled with glowing lava. 

40*2. Fourteen toirtis- (frstrotfed. — The lava, during this 
eruption, having ov**r\vl.eimed and destroyed 14 towns, 
some of them containing three or four thouseoid inhabit- 
a.^s. at lengih arrive. I i-.i the wnlls of Catania, a populous 
city, situate. I tt-:i miles from the volcana These walls 
had been raiseil sixty tV^-t inch, towards the mountain, in 
order to proieci t-ic ci:y. in case of an eruption. But the 
burning lioo^l accumuliiied against the wall, so as to fill 
all the space around und below that part, and finally 
poured over it in a liery cataract, destroying every thing 
in that ^-icinitv. 

From Catania, the lr\va continued its course vmtil it 
reached the sea. a distance of fifteen miles from its source, 
in a current about ISOi) feet broad, and forty feet deep. 
While moving on. its surface was. in general, a mass of 
solid rock, or cooled lava, and it advanced by the protru- 
sion of the melted matter, through this hardened crust. 

As an illustration of the intense heat of volcanic mat- 
ter, the Canon Recupero relates, that in 1766. he ascended 
a small hill, comixised of ancient volcanic matter, in order 
to obsen'e the slow and gradual manner in which a cur- 
rent of liquid lire advanced from Etna. This current was 
two and a half miles broad: and, while he stood observ- 
ing it, two small threads of lava, issuing from a crence, 
detached themselves from the main stream, and ap- 
proached rapidly towards the eminence where he and his 
guide were standing. They had only just time to escape, 
when they saw the hill on which they had stood a few 
minutes before, and which was fiftj" feet high, entirel}' sur- 
romided, and, in about fifteen minutes, entirely melted down 
into the burning mass, so as to be incorporated with, and 
move on along with it. 

493. Discovery of ice on Mount Etna. — A remarkable 
discovery of a great mass of ice, on Mount Etna, was 
made in 1828. In that year, in consequence of the pio- 
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tiacted beat of the season, supplies of ice at Cataiua and 
the adjoining parts of Sicily, failed entirely, and the peo- 
ple suffered considerably for the want of an article, con- 
sidered as necessary to health, as well as comfort, in that 
hot climate. 

In this dilemma, the magistrates of Catania directed 
search to be made for some crevice, or natural grotto, on 
Mount Etna, where drift-snow might possibly still be pre- 
served. During this search, it was discovered that near 
the base of the highest cone, there lay a vast mass of ice, 
covered by a lava current. At what period this current 
was emitted is imknown; nor can it be conjectured what 
proportion of the ice was melted by the burning matter ; 
but it appears that nothing but the flowing of the lava 
over this glacier, can account for its preservation. 

A large nimiber of workmen were immediately em- 
ployed to quarry this ice for the use of the Catanians ; but, 
it is said, that its hardness rendered the expense of obtain- 
ing it so great, that there is no probability of a similar 
undertaking, unless under similar circumstances. 

VOLCANOES IN ICELAND. 

494. Iceland is both a volcanic country, and a coun- 
try of volcanoes. A considerable proportion of its sur- 
face is covered with ancient or modern lava, and it is 
now subject to the most dreadful calamities from this 
source. 

With the exception of Etna and Vesuvius, the most 
complete chronological records of volcanic eruptions are 
those of Iceland. From these it is ascertained, that from 
the twelfth century, there has never been an interval of 
more than forty years, and rarely more than twenty, with- 
out eruptions and earthquakes in some part of that coun- 
try. Single eruptions of Mount Hecla, have sometimes 
continued for six years. In many instances, the whole 
island has been convulsed by earthquakes, during which 
mountains were rent asunder, hills smik down, and rivers 
have deserted their former channels. 

ERUPTION OF SKAPTAR JOKUL. 

495. In 1783, this volcanic mountain suffered one of the 
most extraordinary eruptions recorded in history, both with 
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respect to the quantity of lava it threw out, and the calam- 
ities it occasioned. 

The river Skapta, a considerable stream, was for a time 
completely dried, by a torrent of liquid fire from this 
mountain. This river was about two himdred feet broad, 
and its banks from four to six himdred above the level of 
the water. This defile was not only entirely filled to a 
considerable extent by the lava, but it also crossed the 
river by the dam thus formed, and overflowed the countiy 
beyond, where it filled a lake of considerable extent, and 
great depth. 

This eruption commenced on the 11th of June, and on 
the 18th of the same month, a still greatej quantity of lava 
rushed from the mouth of the volcano, and flowed with 
amazing rapidity, sometimes over the first stream, but 
generally in a new course. The melted matter having 
crossed some of the tributary streams of the Skapta, 
completely dammed up their waters, and caused gteat 
destruction of property and lives, by their overflow. The 
lava, after flowing for several days, was precipitated down 
a tremendous cataract, called Stapafoss, where it filled a 
profound abyss, which that great water-fall had been ex- 
cavating for ages, and thence the fiery fiood continued its 
course. 

On the 3d of August, a new eruption poured forth fresh 
floods of lava, which, taking a different direction from the 
others, filled the bed of another river, by which a large lake 
was formed, and much property and many hves destroyed. 

The effects of this dreadful calamity may in some meas- 
ure be imagined, when it is known, that although Iceland 
did not, at that time contain more than 50,000 inhabit- 
ants, there perished 9,000 human beings by this single 
eruption, making nearly one in five of the whole popida- 
tion. Part of them were destroyed by the burning lava 
itself; some by drowning, others by noxious vapors which 
the lava emitted, and others in consequence of the famine, 
caused by the showers of ashes, which covered a great pro- 
portion of the island, and destroyed the vegetation. The 
fish also, on which the inhabitants depended, in a great 
measure, for food, entirely deserted the coast. 

Quantity of lava. — The quantity of lava which Skaptar 
Jokul emitted during this eruption, was greater than is re- 
coided of any other volcano. The two principal branches, 
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or streams of lava, flowed chiefly in diflferent directions. 
The length of the smallest was forty miles, and of the 
other fifty miles. The breadth of that branch which filled 
the Skapta, was from twelve to fifteen miles, and the other 
about seven miles. The ordinary depth of each was about 
100 feet ; but in narrow defiles, it was more than 600 feet 
deep, and in many places, from 200 to 300. 

Allowing that the united broadth of this vast lava stream 
was 20 miles, and the whole length 90 miles, then this 
mountain, at a single eruption, threw out a quantity of 
lava which covered a surface of 1,800 square miles, an 
area equal to the fourth part of the State of Ck)nnecticut, 
and nearly one-half the size of Rhode Island. 

When it is considered that the depth of the whole 
mi^ht average, 150 feet, we may go into calculations con- 
oeming the quantity of matter thrown out ; but we can 
have no conception of the force required to elevate such 
a stream of melted rock through the crust of the earth. 

ERUPTION OF JORULLO, IN 1759. 

496. JoruUo is situated in the interior of Mexico, about 
100 miles from the nearest sea. This mountain, as already 
stated, affords the only known instance of a volcano, at a 
distance from some ocean. It also affords an instance of 
the production of a new volcanic mountain, within the 
memory of man. 

In June, 1759, subterranean sounds of an alarming kind 
were heard by the inhabitants of this district, and these 
were followed by earthquakes, which succeeded each other 
for two months. In the month of September, flames were 
seen to issue from fissures in the ground, and from the 
same place, red-hot rocks were thrown to an immense 
height. Soon after, six volcanic cones were formed of 
lava and the fragments of rock, thrown up from the earth, 
in the same neighborhood. The least of these was three 
himdred feet in height. In the midst of these cones, rose 
JoruUo, which was formed in the same manner, and soon 
lose to the height of 1,600 feet by the accumulation of 
lava and fragments of rock. The small cones ceasing 
their action, JoruUo became the great outlet of volcanic 
matter, and continued to emit lava and large fragments of 
pnmitive rock, for many months. JoruUo has continued 
'to emit flames ever since its formation. 
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VOLCANO OF SUMBAWA. 

497 Sumbawa is cue of the Molucca islands ; and the 
mountain from which occurred, on some accounts, the most 
extraordinary volcanic eruption of which any accounts 
have been recorded, is called Tomboro. 

This eruption commenced on the 5lh of April, 1815, but • 
was most terrific on the 1 1th and 12th of that month; noi 
did it cease entirely, imtil some time in the following July. 
The explosions so much resembled the firing of heavy 
cannon at a distance, that the people of many vessels at 
sea, supposed there was a great naval engagement within 
hearing, but could not imagine what nations were en- 
gaged. 

Explosions heard 900 miles. — The commanders of some 
ships, and of several English forts, gave orders to prepare 
for battle, though they were several hundred miles distant 
from the mountain. At Sumatra, these tremendous explo- 
sions were distinctly heard, though not nearer than 900 
miles from Tomboro. They were also heard at Temate, 
in the opposite direction from Sumatra, at the distance of 
720 miles from the mountain. 

So immense in quantity was the fall of ashes, that at 
Bima, forty miles from the mountain, the roof of the Eng- 
lish Resident's house was crushed by the weight, and 
many other houses in the same town were rendered unin- 
habitable from the same cause. At Java, 300 miles dis- 
tant, the air was so full of ashes, that from this cause at 
mid-day, it is said the darkness was so profound, that 
nothing like it had ever before been experienced, during the 
most stormy night. 

Terrible effects of this eruption. — Along the coast of 
Sumbawa, the sea was covered with floating lava, inter- 
mixed with trees and timber, so that it was difiicult for 
vessels to sail through the mass. Some captains, though 
at a long distance at sea, mistook this mass for land, and 
sent out their boats in order to ascertain the safety of their 
situations. The sea, on this and the neighboring coasts, 
rose suddenly to the height of twelve feet, in the form of 
immense waves, and as they retired, swept away trees, 
timber, and houses, with their inhabitants. All the ves- 
sels lying near the shore were torn from their anchoringa, 
and c£tst upon the land. Violent whirlwinds carried into 
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the air, men, horses, cattle, trees, and whatever else was 
ill the vicinity of the mountain. Large trees were torn up 
by the roots, and carried into the sea. But the most 
calamitous psurt of the account still remains : for such were 
the tremendous effects of the burning lava ; the overflow- 
ing of the sea; the fall of houses ; and the violence of the 
whirlwind, that out of 12,000 inhabitants on this island, 
only 26 individuals escaped with their lives, all the rest 
being destroyed in one way or another. 

The whole island was completely covered with ashes, 
or other volcanic matter. In some places, the bottom of 
the sea was so elevated as to make shoals where there 
was deep water before ; and in others, the land sunk down, 
and was overflown by the sea. 

The details of this awful calamity were collected, and 
published by Sir Stamford Raflies, then Grovemor of Java, 
who required all the residents in the various districts under 
his authority, to send him a statement of the circum- 
Btances which fell under their several observations. 

EARTHQUAKES. 

Having thus given a short history of a sufiicient num- 
ber of volcanic eruptions, to acquaint the geological stu- 
dent with the phenomena, and of the tremendous, as well 
as calamitous effects of these mighty agents, we will next 
refer to the subject of earthquakes, as resulting from the 
same cause. 

EARTHQUAKE OF CALABRIA. 

498. " Of the numerous earthquakes," says Mr. Lyell, 
"which have occurred in different parts of the globe, 
during the last 100 years, that of Calabria, in 1783, is the 
only one of which the geologist can be said to have such 
a circumstantial account, as to enable him fully to appre- 
ciate the changes which this cause is capable of pro- 
ducing in the lapse of ages. The shocks began in 
February, 1783, and lasted nearly four years, to the end of 
1786." The importance of the earthquake in question, 
arises from the circumstance, that Calabria is the only spot 
hitherto visited, both during and after the convulsions, by 
men possessing sufiicient leisure, zeal, and scientific infor- 
mation, to enable them to collect and describe with accu- 

24 
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racy, the physical facts which throw light on geological 

questions. 

Authors who witnessed the phenomena of these coDr 
vulsions, are quite numerous. Among them, it is said that 
Pignataro, a physician, who resided at the centre of the 
earthquakes, and who kept a register of the number and 
force of the shocks, is among the most correct. The 
Royal Academy of Naples, also sent a commission from 
their own body to Calabria, accompanied by artists, with 
instructions to describe, and illustrate by drawings, the 
effects of these terrible convulsions ; and Sir WilUam 
Hamilton, who surveyed this district before the shocks 
had ceased, has added many facts, not recorded by others. 
Our limits will, however, allow only a very brief summary 
of the facts from these several sources. 

The subterranean concussions were felt beyond the con- 
fines of Sicily ; but if the city of Oppido, in Calabria, be 
taken as the centre, a circle around it, whose radius is 
twenty-two miles, would include the space which suffered 
the greatest calamities. Within this circle, all the towns 
and villages were almost entirely destroyed. 

The first shock, which took place on the 5th of Feb- 
ruary, 1783, threw down, in the space of two minutes, a 
greater part of the houses, within the whole space above 
described. The convulsive motion of the earth is said to 
have resembled tli3 rolling of the sea, and that, in many 
instances, it produced swimming of the head, like sea- 
sickness. This rolling of the surface, like the billows of 
the sea, was like that which would have been produced 
by the agitation of a vast mass of liquid matter under the 
ground. 

In some walls which were shattered, the separate stones 
were parted from the mortar, so as to leave an exact mold 
where they had rested, as though the stone had been care- 
fully raised from its bed in a perpendicular direction ; but 
in other instances, the mortar was ground to powder be- 
tween the stones, as though they had been made to revolve 
on each other. 

It was found that the swelling, or wave-hke motions, 
and those which were called vorticose, or whirling, often 
produced the most singular and unaccoimtable effects. 
Thus, in some streets, in the town of Monteleone, every 
house was thrown down, except one, and in some other 
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sireets, all sxcept two or three ; and these were left unin- 
jured, though differing in no respects from the others. 
In many cities alt the most solid edilices were prostrated, 
"" while those which #ere slightly built escaped ; but, in 
others, it was precisely the reverse, the masaive buildings 
beinft the only ones that remained standing'. 




499. Singular effects of voleame aetion. — But, perhaps, 
the most singular effect was that produced on a pair ol 
obelisks, at the convent of St, Bruno, where the different 
stones composing these monuments, were moved on each 
other, in a manner aliog-ether unaccountable, unless, in- 
deed, it can be supposed that the earth, where each stood, 

. underwent a rapid gyratory motion. The shock which 
shook the convent, is said to have been of that kind which 
writers describe by the term vorticose, or whirling. Tlie 
annexed cut, Lign. 101, will convey an idea of thest 
eflects. 

The pedestal of each obelisk remained in ita original 
situation and place ; but the separate stones were turned 
partly around on each other, as represented in the figures; 
Bome of them being moved eight or nine inches out of their 
places, but none were thrown down. 

500. Upward motion of Ike eart/L — It appears, from the 
■tatemsnts, that in many instances, where the ground was 
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fissured, the motion must have been from below, upwards ; 
for these fissures opened and closed alternately, as though 
the ground, in that particular spot, had been violently 
lifted up with a force from below, by which a fissure was 
formed ; but, the force ceasing instantly, the groimd again 
assumed its former position, and the fissure closed. Per- 
haps the escape of some gas or steam through the fissure, 
produced this effect. 

In many instances, these fissures were so wide, as in an 
instant to swallow up men, trees, and eviS^ houses ; and 
when the earth sunk down again, it closed/upon them so 
entirely, as not to leave the least vestige of"«rhat had hap- 
pened, nor were any signs of them ever discovered after- 
wards. In the vicinity of Oppido, the centre of these 
convulsions, many houses were precipitated into the same 
great fissure, which immediatly closed OTer them ; and, in 
the same neighborhood, four farm-houses, several Qil-stores 
and dwelling-houses were so entirely ingulfed, that not a 
vestige of them wais seen afterwards. 

In some instances, these chasms did not close. In one 
district, a ravine, formed in this manner, a mile long, 100 
feet broad, and 30 feet deep, remained open ; and in an- 
other, a similar one remained, three-quarters of a mile long, 
150 feet wide, and 100 feet deep; in another instance, 
there remained such a chasm, 30 feet wide and 225 feet 
deep. 

501. Springs formed. — In various places, the ground 
sunk down, and lakes were formed, which, being fed by 
springs, have remained ever since. The convulsions also 
removed immense masses of earth from the sides of steep 
hills into the valleys below ; so that, in many instances, 
oaks, olive orchards, vineyards, and cultivated fields, were 
seen growing at the bottoms of deep hollows, having been 
removed from the side hills of the vicinity. In one in- 
stance, a mass of earth, 200 feet thick and 400 -feet in 
diameter, being set in motion by one of the first shocks, 
traveled four miles into the valley below. 

The violence of the upward motion of the ground was 
singularly illustrated by the inversion of heiivy bodies 
lying on the surface, and which can hardly be accounted 
for, except on the supposition that they were actually 
thrown to a considerable distance into the air. Thus, in 
some towns, a considerable proportion of the flat paving- 
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■tones were found with their lower sides uppermost. Mr. 
Lyell Bccounlsi for this ttfect, by supposing that the 
"stones were propeileil npwtinls by the momentum which 
they had acquired, uutl that the adhesion of one end of the 
mass heing greiitet than the oilier, a, rotary motion had 
been communicated to them." But it is diihiicult to con- 
ceive how a vhiriiog motion, so rapid as to i«oduce such 
an effect, could have been communicated to a whole town, 
without pioduciDg eoue consequencee still more extraor- 
dinary. 

502. Singular fis^rea. — Id the plain of Rosamo, a dif- 
ferent effect was produced fiom any yet described. This 
plain consists of an alluvial soil, which, after the com- 
mencement of the earthquakes, was found covered with 
circular bollowa, containing water, and around the hol- 
lows were fisBures, radiating' from their sides in every di- 
tection, as represented by Lign. 102. 
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These were, for the most part, about the size of carriage- 
wheels, but sometimes hirger or smaller. When filled 
with water to within a foot or two of the surface, they 
appeared like wells; but more commonly they were filleil 
with dry sand, sometimes with a concave, and at others 
with a convex surface. On digging into the earth, these 
cavities were found to be fimnel-shaped, the moiat loode 
earth in the centre, indicating the tube through which the 
water had ascended. The annexed cut, Lign. 103, is 
intended to represent a section of these inverted cones. 
when the water had disappeared, leaving nothing in it but 
dry micaceous sand. This sand appeared to have been 
brought up from beneath by the water, which was some- 
times found over the sand. 

•ii- 
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Biit OUT limtta will not allow the deacnption of other 
flfivcts and appearances, which this dreadful calamity pn>- 
dticed, some of which are equally curious and inexplicable. 




Tunnel-sli»ped ovity. 



503. Detlruetion of Prince Scitla and Ms peoph. — Ws 
must not, however, close this account without reference to 
an incident connected with the destruction of human life, 
as well as to the number of responsible beings which 

were suddenlj called to the world of spirits, hy this ap- 
palling act of a myateriouB Providence. 

The Prince Scilla had persuaded many of bis people to 
betake themselveB to their fishing-boats, as a place of 
safety, on the first indications of an earthquake, which in 
that volcanic country are bo well understood, and which 
creates so much aktrm. The prince himself had set the 
example, by going on board of one of these boats. On the 
fifth of February, when the first violent shock happened, 
many of these people were sleeping in their boats near the 
shore, while others were on the shore, at a place little ele- 
vated above the sea. With this convulsion the earth 
rocked, and suddenly there was precipitated a great mass 
of rock from Mount Jaci, on the plain where t^e people 
had taken refuge ; and immediately after, the water rose 
to a great height above its ordinary level, and swept away 
the sleeping multitude. The wave then instantly retreat- 
ed, hut soon after retiuned again with increased violence. 
bringing back many of the people, and animals, which it 
had carried away Al the same time every boat in the 
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▼icinity was overwhelmed, or dashed against the beach, 
and thus destroyed. The prince, who was an aged man, 
with 1,400 of his people, were thus swept away, and per- 
ished in the sea. 

The number of human beings who were destroyed by 
this series of earthquakes, was estimated by Sir William 
Hamilton, at about 40,000 ; besides which, nearly 20,000 
more died by epidemics, which were occasioned by insuf- 
ficient nourishment, and the noxious vapors arising from 
the new lakes and pools of wAter, which this terrible catas- 
trophe occasioned, — thus making the whole number that 
perished 60,000. 

504. Earthquiikes eectse when the eruption commences. — 
In countries where volcanoes exist, and which are also 
subject to earthquakes, experience has taught, that the 
earthquakes cease, or become harmless, so soon as an erup- 
tion from the moimtain commences. On the supposition 
that the earth constantly contains within it an ocean of 
lava or melted matter ; that earthquakes are caused by 
some disturbance of this liquid ; and that volcanoes are its 
chimneys, or outlets when thus disturbed, this fact would 
admit of an easy explanation. In another place, we shall 
biing forward many circumstances, to show that this 
theory may be true ; and shall only remark here, that the 
Calabrian earthquakes may be brought as an item in sup- 
port of this doctrine ; for neither Etna nor any of the ItaUan 
volcanoes, suffered the least sign of eruption during these 
destructive convulsions. 

EARTHQUAKE OF LISBON. 

505. This great earthquake happened in the month of 
November, 1755, and, with respect to the wide extent to 
which it was felt, exceeded all others of which there is 
any account. 

The first intimation of its approach was a loud subter- 
ranean noise, somewhat like distant thunder, and imme- 
diately afterwards, the city of Lisbon was shook with 
such violence as to prostrate nearly all its houses. The 
wretched inhabitants, with so short a warning, were ima- 
ble to take the least precaution for their safety, so that in 
about six minutes 60,000 people perished. 

The sea at first retired, and laid bare the bed of the har- 
bor, after which it immediately rolled back, in an immense 
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wave, rising fifty feet, at least, above its ordinary lesveL 
The largest mountains in Portugal were shaken to their 
foundations, and several had their summits rent in a man- 
ner which struck every beholder with astonishment. 

506. Sinking of tlie quay. — But the most extraordinaij 
and calamitous effect which was produced at Lisbon, was 
the sinking of the quay, together with the thousands of 
inhabitants with which it was covered. This work was 
built entirely of marble, and just finished at an inunense 
expense ; and on it, after the first shock, a vast concouise 
of people had collected as a place of safety, having left 
the city to escape the fall of the houses. But it proved the 
most fatal spot in the vicinity ; for at the next shock the 
earth opened and instantly swallowed up the whole quay, 
with the multitude which had there assembled ; and so 
completely were the whole retained by the closing of the 
earth, that not a single dead body ever rose again to the 
surface. A great number of small boats and other ves- 
sels, near the quay, filled with people, as a place of safety, 
were also precipitated into the yawning vortex ; and it is 
stated that not a single fragment of any of these boats 
was ever seen afterwards. It was believed that the 
water where the quay stood was imfathomable, but its 
depth was afterwards found to be 600 feet. 

507. Extent to which it was felt, — The immense area 
over which this earthquake was felt, is very remarkable ; 
for not only was every part of Spain and Portugal con- 
vulsed, but the shocks were perceived, with greater or less 
intensity, in England, Holland, Italy, Norway, Sweden, 
Germany, Switzerland, Corsica, the West Indies, at ^ 
Morocco and Algiers in Africa, and in a part of South 
America. At Algiers the shock was so violent as to 
throw down many buildings ; and a village, not far from 
Morocco, was swallowed up, and 10,000 inhabitants per- 
ished. A great wave from the sea swept nearly the 
whole coast of Spain. At Cadiz its height is said to have 
been sixty feet, and its devastations in proportion. 

508. Shocks felt at sea. — The shock was also felt by 
ships far at sea, and, in several instances, the concussion 
was such as to make the people suppose their vessels had 
struck on a rock. In one instance, it is said that the peo- 
ple on board a vessel off the West Indies, were thrown up 
a foot and a half from the deck. This circumstance may 
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06 accounted for from the inelasticity of water; so that a 
violent and sudden movement of the bottom of the ocean, 
would be communicated to the surface and to the ship, 
through the medium of the fluid, with nearly the same 
force as though the vessel had been on the ground itself 

ISLANDS RillSED FROM THE SEA. 

509. NxmieiDus instances are recorded of the elevation 
of islands, of greater or less extent, from the bottom of 
the sea. 

Writers of antiquity have mentioned several such 
instances. The elder Pliny says that the celebrated 
Islands of Rhodes and Delos, according to tradition, are 
sea-bom, and that, after these, several smaller islands rose 
up from the bottom of the same sea. Strabo also asserts 
positively, that Hiero was produced in the midst of flames ; 
and both Plutarch and Justin relate, that the formation of 
this island was attended with much fire, and a great boil- 
ing of the sea. 

But we are not entirely dependent on the ancients for 
facts of this kind, many instances of the elevation of 
islands having been witnessed in later times. 

Captain Tillard, of the Royal British Navy, was an eye- 
witness to the rising of an island from the ocean, in 1812. 

At some distance off the coast of St. Michael's, one of 
the Azores, an immense body of smoke was observed to 
issue from the water, and from the midst of the smoke, 
there suddenly burst forth a black column of cinders, ashes 
and stones, in the form of a spire. This was accompa- 
nied by vivid flashes of lightning from the thickest part 
of the volcanic smoke, and the whole was surrounded by 
occasional water-spouts. 

The water at this place was thirty fathoms deep, and 
after the volcanic phenomena had lasted four days,. the 
crater began to appear above the surface of the water, and 
soon became twenty feet high in the midst of an island 
400 feet in diameter. At this time the cliflfs of St. Mi- 
chael's were shattered by an earthquake, and tne island 
continued to rise until it became at least 200 feet above 
the bvel of the sea. 

This island was named Sabrina, after Captain Tillard's 
ship. It did not, however, long continue visible ; for being 
foimed chiefly of ashes and cinders, and not by the eleva- 
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tion of the solid rocksj it was soon swept away by thA 
waves of the ocean. 

510. Aleutian islands. — In the year 1806, there arose 
from the sea a new island, among the Aleutian gnmp, 
north of Kamschatka. This, according to Langsdod^ 
who afterwards visited the spot, was four geographical 
miles in circumference ; and the geologist, Von Bush, 
infers, from its not having subsided, that it does not, Hko 
Sabrina, consist of ejected volcanic matter, but of solid 
rock, thrown up from the bottom of the sea. 

In 1814, another island was added to the Aleutian 
group, from the bottom of the secL This was much 
larger than the former, and its highest part was elevated 
to the astonishing height of 3,000 feet above the level of 
the sea. 

In 1820, a new island was thrown up among the Ionian 
group, on the coast of Greece. 

In 1757, eighteen small islands were elevated from the 
sea, in the vicinity of the Azores. 

In 1783, the same phenomenon happened on the coast 
of Iceland. 

Many other instances of sea-bom islands are recorded; 
but we need not extend this list, our chief object being to' 
show that islands are elevated from the ocean by the force 
of volcanic action. 

511. Elevation of land by volcanic power. — In November, 
1822, there happened a series of subterranean convulsions 
on the coast of Chili, which continued three months, and 
which shook that part of South America to the extent of 
1,400 miles from north to south. On the morning after 
the first shock, the whole line of coast along Valparaiso, 
to the distance of 100 miles, was found to have been 
raised above its former level. Mrs. Graham, who was 
present, and who writes this account, states that on the 
morning of the 20th, the wreck of an old ship, which lay 
at a small distance from the shore, but which could not 
be approached, on account of the depth of the water, was 
now easily accessible. She also found the former bed of 
the sea, along the shore, laid bare, with muscles, oysters, 
and other shell-fish, adhering to the rocks on which they 
grew, and abundance of fish, dead and on dry land. At 
Valparaiso, the elevation of the land was found to be three 
feet ; but at other places the rise was from four to five feel. 
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TEMFLE or JUPITER SE&APIS. 

512. In a few instances, it is known that portions of 
land have several times changed their level, with respect 
to that of the sea ; and of which the following is an 
interesting and curious example. 

The temple of Serapis, a celebrated monument of anti- 
quit j, is situated on the httle bay, called Baiae, within the 
bay of Naples. 

A geological examination of the coast of Puzzuoli, 
along this bay, shows that this land has been elevated 
about twenty feet, at a period not very remote; so that, 
without the evidence presented by the temple, there is 
sufficient proof that the land in the vicinity has changed 
its level. 

If the coast along the shore, between Naples and Puz- 
zuoli, be examined, it will be seen that the tract of fertile 
land which intervenes between the present shore and th€ 
high rocky cliffs, was evidently once under the water, and 
that the ancient shore was near these cliffs. 

The inland cliff near Puzzuoli, is in many places about 
«ghty feet high, and quite perpendicular. At its base, 
the new deposit attains the height of twenty feet above 
the sea. This consists of sedimentary matter, mixed 
with marine shells, showing that it was formed under the 
water. 

LIGN. 101. 




Ir'iiizuc.i aiKt rinns of Serapia. 



The annexed Lign. from Mr. Lyell, will explain the 
situation of this coast in 1828. a, on the right, shows 
the situation of antiquities, on a hill south of Puzzuoh ; b, 
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ancient cliif, now inland ; c, terrace, composed of marine 
deposits of recent date; a, on the left, represents the 
remains of Cicero's \'illa. at the north of Puzzuoh; hj 
ancient clitf. now inland ; c. terrace, composed of recent 
marine dejxjsits : J. temple of Serapis. 

The soil of these level deposits is considered so valua* 
ble, that a wall has been built for its protection against 
the washing of the sea ; but, in some places, the wall has 
been thrown down, so that the strata are exposed. 
These consist of alternate layers of mud and pumice, 
inclosing abundance of marine shells. One stratimx con- 
tains large quantities of the remains of ancient art^as 
tiles, and pieces of Mosaic pavement. 

(Ancient Mosaic pavement consists of small pieces of 
stone, generally marble, of diflferent colors, arranged in 
figures, sometimes representing groups of men and ani- 
mals, in commemoration of some historical event. These 
are cemented so as to form a continuous sohd mass. The 
floors of ancient churches and temples were often thus 
made.) 

The remains of the works of art are found below, as 
well as above, the marine shells. Among the shells are 
the Cardium, Donax, Buccinum, and Ostrea. 

513. No tides in the Mediterranean. — Now, there are no 
tides in the Meditermnean, by which these shells could 
have been cast upon the shore ; and the remains of ancient 
buildings, at other places, show that there has been no 
change in the level of this sea, for the last two thousand 
years ; hence, we must conclude, that the land along this 
coast has been elevated about twenty feet above its 
former level. 

But, in addition to the above evidence, the remains of 
the temple of Serapis show that the edifice has unde^ 
gone several changes of level, when compared with the 
sea. 

With respect to this temple, Mr. Lyell, who has lately 
visited the spot, says : " It appears, from the most authen- 
tic accounts, that the three pillars, now standing erect, 
continued, down to the middle of the hist century, half 
buried in the new marine strata above described. The 
upper parts of the columns, being concealed by bushes, 
had not been discovered, until 1 750, when they were seen 
to fonn part of a splendid edifice. On examination, the 
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jpftTsniMit was found still entire, and upon it lay a number 
of magnificent columns, a part of which were of African 
bieccia, and a part of granite. (Breccia is a rock oom- 
posed of broken, angular pieces of atone, generally of 
various colors, cemented by the hand of nature. The 
pillars of the capitol, at Washington, are of this kind of 
marble.) The original plan of the building could be 
tnced distinctly : it was of a quadrangular form, seventy 
&et in diameter, and the roof had been supported by forty- 
aix noble columns, twenty-four of which were of granite, 
aod the rest of brecciated marble. The large coiut had 
been lunounded by apartments, supposed to have been 
used as bathing-rooms ; for a thermal spring, still em- 
ployed for medicinal purposes, continues to flow from just 
behind the ruins, and the water of this spring, it ia said, 
voa conveyed to the chambers by marble conductors." 





Tomplo of 3eriip«. 

614. Temple of Serapis, a bathing-house. — Since the 
discovery of these remains, many antiquaries have entered 
into elaborate discussions, on the question to what deity 
this edifice was consecrated ; but from its situation and 
construction, there is more reason to suppose that it was a 
bathing-house, than a heathen temple. 

But our object will be to show what geological changes 
theae antiquities indicate. 

The un f^w^ cut Ltgn. JOS, represents Berapis, as it 
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now appeiiB, reduced fiom the drawing of Mir. LjelL 
These pillars are forty-two feet in height, and their bot- 
faces are smooth and entire, to the heii^ht of about twelte 
feet above the pedestal, the reason of which will appear 
directly. Above this is a zone, twelve feet in length, 
where the marble has been pierced by a marine perforating 
shell-fish, called by Cuvier, lithodomus. It is a species 
of the Mytilus of Linnaeus and the Modiola of Lamarck. 

515. Habits of the Lithodomi. — These animals enter the 
stone by a small orifice, which they make themselves 
when quite young, and as they increase in size, they 
enlarge their habitations in proportion. They are nour- 
ished by the sea-water, which is admitted through the 
small apertiire. These animals have not the power, or 
perhaps inclination, to leave their cells; hence, their 
houses, during life, become their tombs at death. 

The limestones, on the shores of the Mediterranean, 
are frequently full of the excavations of these animals. 
The genus Pholas, also contains some species which 
penetrate rocks. Both are ficured under the articles 
« Multivalves " and "Bivalves." {See pages 110 — 111.) 
These animals canrK)t pierce silicious rocks, such as 
granite. 

As these animals cannot hve, except when immersed in 
salt water, we must infer that these pillars were for a long 
time submerged, and that, during part of that period, their 
lower portions were covered up by the rubbish already 
mentioned, while their upper eiMls reached above the 
water. This accoimts for the reason Why their middle 
portions only are perforated by these animals. On the 
pavement of the temple lie several columns, broken in 
pieces. These are perforated on their fmctured ends, as 
well as on other parts, showing that they had lain \mder 
water for a long time after they were broken. 

The platform of the temple is at present just under the 
water, and the upper part of the perforations on the staxid- 
ing columns is at least twenty-three feet above the water, 
from which it is clear that these columns must have con- 
tinued for a long time immersed in the water, while in an 
erect position ; after which, they must have been raised, by 
the rising of the ground, to their present elevatioa 

516. Elevation and depression of Sereins, — Thus it 
appears that the temple or Serapis was first depressed by 
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the sinking down of the ground where it stands, so that 
the water of the sea surrounded these pillars about twenty 
feet above its present level; after which, it was again 
raised to its present situation, by the elevation of the 
coast. It is hardly necessary to say, that the cause of 
these changes, was undoubtedly the same which has 
produced the elevation of islands, and the sinking down 
of the ground in other places. 

SEAT AND THEORY OF VOLCANOES. 

517. It was formerly believed that the seat of volca- 
noes was superficial, and that the heat which fused the 
rocks, and sent them forth in the form of lava from the 
mouths of volcanoes, was owing to the combustion of min- 
eral coaL It is a sufficient re^tation of this hjrpothesis, 
that were the whole interior of the earth composed of coal, 
it must have long since been exhausted in the vicinity of 
ancient burning mountains. Also, that no geologist ever 
supposed coal to exist below granite mountains, which are 
often pierced by volcanic apertures. 

518. Supposed ignition of pyrites. — The cause of volca- 
noes has also been attributed to the spontaneous ignition 
of pyrites, or metallic sulphurets. 

With respect to this theory, in the first place, there is 
no evidence that the interior of the earth is composed of 
the sulphurets of the metals ; nor is this in the least de- 
gree probable; and, second, were this ascertained to be the 
case, and could the theorist contrive to perpetuate its igni- 
tion, or to make it occasional, as circumstances requued, 
still, it would fail to account for the phenomena of earth- 
quakes and volcanoes. But, lastly, the products t)f volca- 
noes are not such as would result from the ignition of the 
sulphurets of the metal. This is sufficient. 

519. Attributed to the metallic oxyds. — Since the great 
discovery of Sir H. Davy, that the earths and alkaHes are 
the oxyds of metallic substances, it has been proposed to 
account for volcanoes and earthquakes, by the admission 
of water to these metallic elements. 

This theory may be thus stated : If pure potash or soda 
be deprived of its oxygen, there remains a brilliant silver- 
White metal, so light as to swim on the surface of water. 

These metals have an affinity of oxygen so strong, that 
when thrown on water, the fluid is decomposed, the oxj^ 
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gen being absorbed by the metal so rapidly as to occanoii 
a degree of heat, which sets the hydrogen on fire. Thui, 
by throwing these metals on water, combustion is excited, 
and the oxyds of potassium, and sodium, or in other words, 
pure potash or soda, is formed. 

Now, if we suppose that, at the creation, the elements ci 
things were formed in a distinct and separate state, and 
that the condition of the earth's surface at the present 
time is owing to the exercise of chemical affinities, then 
we might consider the interior of the earth, at the present 
time, to be composed of elements in their simple and im- 
combined state. This being admitted, the earth, at a cer- 
tain depth, consists of the bases of these earths and alka- 
lies, in their uncombined and metalhc forms; for, being 
excluded from any substance contEoning oxygen, there has 
been no opportunity, since the creation, for these sub- 
stances to combine, and form compounds. It is well known 
to chemists, that the metallic bases of the alkalies maybe 
kept in their elementary state for any length of time, by 
excluding them from the air, or by immersing them in naph- 
tha, a substance containing no oxygen. Hence, as com- 
bustion is excited, when these metallic bases come in con- 
tact with water, (if the above suppositions be true,) there 
exists an analogy, by which it has been thought the phe- 
nomena of earthquakes might be accounted for, by the 
admission of water to these substances. 

620. Objections to this hypothesis. — There are, however, 
insuperable difficulties in this hypothesis. Carbonate of 
lime is one of the most abundant materials of which the 
crust of our earth is composed. This, in the opinions of 
many geologists, had its origin in organized remains, 
being the product of sea-shells, consolidated in a manner, 
which it is unnecessary here to explain. It is quite cer- 
tain that a great portion of limestone is really the pro- 
duct of moluscous animals, of which the coral reefs, and 
the mountains of shells, are a sufficient proof. If, there- 
fore, lime is the product of organized beings, it was not 
created in an elementary form, and therefore cannot pro- 
duce the fire of volcanoes by the union of its elements, 
though calcium, its base, may excite flame by contact 
with water. 

Silex, or flint, another substance which enters largely 
into the composition of the earth, and of which the primi- 
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iive rocks are chiefly composed, does not possess an in- 
flammable base, and therefore cannot be supposed to par- 
ticipate in causing any igneous phenomena. 

The specific gravity of the earth, also, being at least 
five times that of water, shows that it is not composed, 
principally, of substances lighter than that fluid. 

Besides, the phenomena of earthquakes and volcanoes, 
even admitting the interior of the earth to be composed of 
metaUic elements, are not such as could be accounted for 
by the admission of water to these substances ; nor are the 
products of volcanic action, in the form of lava, pumice, 
and ashes, such as would result from the oxygenation of 
metallic elements. This theory, therefore, has not even 
plausibility in its favor. 

521. Centred fire the most probable catise. — In the pres- 
«nt state of geological knowledge, it is not to be expected 
that any theory which can be proposed, will accoimt for 
every circumstance connected with earthquakes and vol- 
canoes. But that which explains the greatest number of 
these phenomena, is founded on the hypothesis of a ^cen- 
tral fire," that is, a mass or masses of lava, or melted mat- 
ter, deeply seated towards the centre of the earth. The 
two himdred volcanoes, existing in diflerent parts of the 
globe, are the chinmeys, or occasional outlets, of this ocean 
of Uquid fire. 

When this mass is disturbed, as by the admission of 
water, an earthquake is the consequence, and this becomes 
more or less disastrous, according to the degree of internal 
commotion. When the pressure of the steam, into which 
the water is converted, becomes excessive, then the lava is 
forced up one of the chimneys, and poured forth on the 
surface of the earth, and thus a volcano is produced, and 
at the same time the internal pressure is reUeved. 

622. This the prevailing hypothesis. — The h3^thesis of 
a central fire, under various modifications, appears to be 
the prevailing doctrine of the geologists of the present day. 
^If," says Mr. Lyell, "we suppose a great number of large 
subterranean cavities, at the depth of several miles below 
the surface of the earth, wherein melted lava accumulates, 
and that water, penetrating into these, is converted into 
steam ; this steam, together with the gases generated by 
the decomposition of melted rocks, may press upon the 
lava, and force it up the duct of a volcano, in the same 

25* 
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manner as it driyes water up the pipe of a gavBer. (The^ 
geyser is described under 'Silicious Springs. ) But the 
weight of the lava being immense, the hydrostatic pres- 
sure, exerted on the sides and roofs of such large cavities 
and fissures, may well be supposed to occasion, not slight 
tremors, such as agitate the ground before an eruption of 
the geyser, but violent earthquakes. Sometimes the lat- 
eral pressure of the lower extremity of the high column of 
lava, may cause the more yielding strata to give way, and 
to fold themselves into numerous convolutions, so as to 
occupy less space, and thereby give reUef, for a time, to 
the fused and dilated matter. Sometimes, on the contrarji 
a weight equal to that of the vertical column of lavSi 
pressing on every part of the roof, may heave up the super 
incumbent mass, and force lava into every fissure, which, 
on consohdating, may support the arch, and cause the 
land above to be permanently elevated On the other hand, 
subsidences may follow the condensation of vapor, whaa 
cold water descends through fissures, or when heat is lost 
by the cooling of the lava." 

HYPOTHESIS or CENTRAL FIRE, 

523. If this globe, towards its centre, is composed of tn 
igneous fluid, then we might expect that the nearer we 
approach it, or the deeper we descend below the surface, 
the higher we should find the temperature, and many ex- 
periments tend to prove that this is actually the case. 

624. Baron Fourier. — Baron Fourier, who has investi- 
gated this subject with much attention, concludes, ''that 
the rays of the sun penetrate the globe, and occasion an- 
nual and diurnal variations in its temperature, but that 
these periodical changes cease to be perceptible at a cer- 
tain depth under the surface. Below that depth, the tem- 
perature caused by the sun has long ceased to have any 
influence. If, therefore, it is found that the temperature of 
the deep recesses of the earth become perceptibly greater, 
in proportion as we recede from its surface, it is impossible 
to ascribe this increase to the influence of the sun, and 
consequently it can proceed only from the primitive heat 
of the earth, and with which it was originally endued. 
It has long since been conjectured that the heat of the 
earth increased in some proportion to the distance of 
descent from its surface ; but it is only within a short 
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period, that experiments have been instituted, for the pur- 
pose of ascertaining whether this conjecture was well 
founded, and, if so, to determine the ratio of increase. 
With this view many mines have been accurately exam- 
ined, and the fact of a gradual increase of temperature 
downwards, has been foimd general. 

* In the mines of Cornwall, Englsuid, Capt. Lean made 
the following experiments and observations, in the month 
of I>ecember: 

At the surface, the temperature of the air was 50^ Fah- 
mnheit. At 120 feet below the surface, the air was 57^. 
At 600 feet below, temperature of the air 66^, of water 
di^. At 962 feet below, air 70°, of water 74©. At 1,200 
leet below the surface, air 78"^, of water 78°. 

< These, with other experiments, in different mines, 
ieemed to show that the increase of temperatiue, down- 
wards, was nearly in the ratio of one degree for every 
iiKty-five feet. 

- 525. Cordxer's EIxferdcents. — From M. Cordier, who 
has written a treatise on this subject, we learn that the 
namber of mines in which experiments have been made, 
is about forty. These mines are situated in France, Enff- 
knd, Switzerland, Peru, Saxony, and Mexico. The whole 
xmmber of experiments made, are about 300, some being 
on the air of the mines, some on the water, and others 
upon the rocks or earth. 

Finom all these observations, made apparently with such 
caution as to prevent the possibility of any considerable 
Orior, M. CJordier derives the following conclusions : 

1. "If we reject a certain number of observations as 
uncertain, all the rest indicate, in a manner more or less 
certain, that there exists a remarkable increase of tem- 
perature, as we descend from the surface of the earth 
towards the interior. It is reasonable, then, to admit this 
morease. 

• 2. " The results collected at the observatory at Paris, 
are the only ones that can be depended upon with cer- 
tainty, for obtaining a numerical expression of the law 
of this increase. This expression gives fifty-one feet eua 
the depth, which corresponds to an increase of one de- 
gree, in the subterranean temperature. And, we would 
remark, in passing, that, according to this result, the 
temperature of boiling water, under the city of Paris 
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would be at the depth of 8^12 feet, or about a mile and 

a half. 

3. ^ Among all the other results, a small number odIt 
afford nimierical expressions of the law sought for, suffi- 
ciently approximate, to be taken into account. These ex- 
pressions vary from 104 to 24 feet for one degree of 
increase; their average, in general, indicates an increase 
more rapid than has generally been admitted. Their aver- 
age has so much the more weight, as embracing- the 
results of many series of long-continued observations. 

4. ^ Lastly, in grouping together, by countries, aU the 
results, adnussible on any principle, I am led to present a 
new and important idea, to wit : that the difference between 
the results collected at different places, are referable not 
solely to the imperfection of the experiments, but also to a 
certain irregularity in the distribution of subterranean heat 
in different coimtries." 

526. Ck)RDi£R's Inferences. — ^M Cordier describea, at 
length, the manner of making experiments on this subject, 
in order to prevent local errors ; and from all that hiznself 
and others have done and written, he draws the follow- 
ing inferences : 

1. ^Our experiments fully prove the existence of an 
internal heat, which is natural to the terrestrial globe; 
which depends not on the influence of the sun, and which 
increases rapidly with the depth. 

2. " The increase of subterranean heat, in proportion to 
the depth, does not follow the same law throughout the 
globe. It may be twice, or even thrice, as great in one 
country as in another. 

3. ^ These differences are not in a constant ratio to tho 
latitude or longitude. 

4. "Finally, the increase is certainly much more rapid 
than has heretofore been supposed ; it may be as great as 
twenty-seven, or even twenty-four feet for a degree, in some 
countries. Provisionally, however, the mean must not be 
put lower down than forty-six feet." 

527. No doubt of internal igneous matter. — We must, 
therefore, consider it as proved, beyond all doubt, that below 
the crust of the earth, there exists either a mass cf 
burning lava, or some other cause, by which there is 
perpetually maintained a considerable degree of heat; 
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and there is reason to believe that a very high tempera- 
ture exists towards its centre. 

That the internal temperature is caused by a melted 
mass, such as we have supposed to exist, is not, it is 
beUeved, incompatible with any known phenomenon ; but, 
on the contrary, certainly accords with many of the effects 
alfeady specified. 

But there are other effects which are unaccountable, 
except on such a hjrpothesis ; and one of these is the con- 
nection, which has often been observed to exist, between 
<Hie volcano and another, and also between earthquakes 
and volcanoes. If there exists in the earth an extensive 
igneous fluid, communicating with the open air only by 
means of volcanic apertures, we should expect, that when 
this fluid by any means was set in motion, the surface of 
the ground would partake of such motion, and that in case 
this fluid should be pressed for want of room, it would be 
forced out at these apertures. 

Now, the wave-like motion of earthquakes is a phenom- 
enon almost universally observed; and even where the 
shock is slight, it produces nausea, like sea-sickness. This 
motion is inexplicable, if the earth is composed of solid 
unyielding strata; but if we suppose its crust rests upon 
a -fluid, liable to agitation, the solution becomes natural 
and easy. This motion may be strikingly illustrated by 
covering a dish of quicksilver with sand or soil, and then 
giving the vessel a slight agitation. 

CONNECTION BETWEEN VOLCANOES AND EARTHQUAKES. 

628. The connection between volcanoes and earthquakes 
hcus been so generally observe'!, that no one at the present 
day denies that their causes roust be the same. Earth- 
quakes precede volcanoes, and when a wave of the lava 
reaches an aperture, there happens an eruption, and the 
earthquakes are diminished in force, or cease entirely, 
because the internal pressure is thus relieved. 

529. Proof of this connection. — In proof of this connec- 
tion, the elevation of all new islands, and the formation of 
all new volcanoes, and most commonly the eruptions of 
old ones, are preceded by, or accompanied with earth 
quakes, especially where the latter have some time lain 
dormant. The elevation of Sabrina, of the Aleutian 
island, of Monte Nuovo, and the formation of Jorullo, 
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toother with what is generally known of V MnmoB and 
Etna, are examples. 

It is true, that in some instances, earthquakes happen, 
both at great distances from volcanoes, and in their vicini- 
ties, without any eruption. But, when this is the case, 
the most calamitous consequences are produced, because 
the confined matter which causes the earthquakes cannot 
escape, lliis was the case, as already noticed, with re- 
spect to the earthquakes of Calabria, which destroyed 
60,000 people, there being no eruption either of Etna or 
Vesuvius. It is probable that this was prevented by the 
masses of cooled lava, by which their apertures weie 
clogged. The great earthquake of Lisbon was also un- 
attended by volcanic eruptions. 

530. Monte Nuovo. — When the shocks commenced, 
which ended in the elevation of Monte Nuovo, {Lign, 86,) 
it was expected, of course, that an eruption of VesuviiiB 
would ensue ; but instead of this, after the earthquake had 
continued with great force for twenty-four hours, the earth 
opened with a tremendous noise, and, throwing out blocks 
of lava, pumice, and ashes, formed that mountain in 1538. 
Vesuvius, with a single slight exception, had remained 
dormant from 1306, and showed no signs of commotion 
during the elevation of Monte Nuovo. Now, had there 
been less resistance at the crater of Vesuvius, than theie 
was on the plain, there would have been an eruption, and 
no new mountain would have been formed. But Vesuvius 
continued torpid until 1631, during which period Etna was 
peculiarly active, suffering frequent and terrible eruptions. 
This circiunstance affords a strong argiunent in favor of a 
subterranean communication between these two moun- 
tains, Etna occasionally serving as an outlet for the elastic 
fluids and lava, a part of which would otherwise be 
emitted at Vesuvius, and, perhaps, the latter, in its turn, 
answering the same purpose during the torpid state of the 
former. 

531. Earthquake of Lisbon. — Again, the earthquake of 
Lisbon, as already stated, was felt in all parts of Europe, 
and also in Africa and South America, as well as by ships 
sailing in the intermediate seas. Now, it cannot be rea- 
sonably supposed, that a subterranean convulsion could be 
conununicated by the mere vibration of the earth, to the 
distance of so many thousand miles, and especially kam 
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Me side of the Atlantic to the other, under the ocean. If 
there existed no other evidence than this, of an interior 
fluctuating medium below the crust of the earth, it would 
be more philosophical, as well as reasonable, to infer that 
such a one did exist, than to believe that the earth was 
Capable of transmitting a vibratory motion, however strong, 
mthe distance of one-fourth of its circumference. 

532. Qttcmtity vf lava emitted by volcanoes. — Finally, 
another proof of the existence of an immense mass of 
igneous matter under the surface of the earth, is the quan- 
tity of lava emitted by some volcanoes. Many instances 
might be adduced, but we will here only refer to that of 
Skaptar Jokul, in 1783, an account of which has been 
pven. There the- quantity of lava covered a surface 
equal to nmety miles long, and twenty broad, making an 
area equal to. 1,800 square miles. The depth or thickness 
was generally about 100 feet ; but, in some places, to a 
tohsiderable extent, 600 feet deep. Perhaps, therefore, it 
'Would not be an over-estimate to call the average depth 
160 feet. This quantity, if consohdated, would, by calcu- 
lation, have formed a massive globe of about six miles in 
ctiameter. 

' In addition to the above, Breislak has computed the 
qoantity of matter emitted by several other eruptions, as 
follows : That of Vesuvius, in 1 774, was estimated at 
18,000,000 of Gubiic feet. That of the island of Bourbon, 
m 1 796, 54,000,000 of cubic feet. In another eruption, in 
1787, the same volcano emitted, by estimation, 72,000,000 
of cubic feet of lava and ashes; 

• Now, if the matter of this eruption came from the im- 
mediate vicinity of the mountain, it is plain that the strata 
under it, for six miles in extent, must have been thrown 
upon the siirface, and a cavity produced of a proportionate 
dke ; but this is highly improbable, if not absolutely im- 
jk)88ible, from the very nature of the case ; because, if we 
liiuppose a cavity, or definite space, whence the lava pro- 
<jeeded, we must also suppose it constantly full of igneous 
matter, at least in the neighborhood of the aperture, 
otherwise it would not have flowed from the crater. For, 
#e cannot believe that, in a cavity of such dimensions, 
AteaiA, or any other elastic body, could have operated in 
sueh a manner as to throw out all, or the greater part of 
itftiKtntonts. 
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From all we have adduced on this subject, wc cannct 
bat conclude, that the phenomena of earthquakes and vol- 
canoes, indicate the existence of an ocean of melted lava, 
constantly existing at an unknown depth under the surface 
of the earth, and that these phenomena may, in most of 
their varieties, be accounted for bj such a hvpothesis, ajid 
by no other which has yet been proposed, it is, therefoxe, 
reasonable to infer that such a mass of igneous matter 
does actually exist. 



CHAPTER XXXV. 

J.LEYATION OF CONTINENTS FROM THE 8EA. 

533. Sea'shells far from the ocean. — The occuiience of 
sea-shells, and the remains of marine animals, at a dis- 
tance from any existing ocean, is a fact of common 6b* 
servation. Some of these remains are deeply buried in 
soUd strata, while others are found in alluvia near the sur- 
face. We have noticed, in the preliminary part of this 
work, that such remains excited the attention of the ear- 
liest observers. 

A great proportion of Italy is covered by an alluvial 
soil, containing sea-shells, and occasionally the remEuns 
of quadrupeds, both of living and extinct species, such as 
the elephant, hippopotamus, rhinoceros, mastodon, &c 
In this country, in the state of New-York, of Ohio, and 
indeed throughout the great valley of the Mississippi, 
fossil shells are found ; and, as in Italy, there occurs aLio 
the remains of ancient quadrupeds. 

534. American lakes once inland seas. — The theory, long 
since suggested, that the great lakes of North America 
are the deeper beds of an inland sea, which once covered 
a great extent of land, a part of which is now dry, has 
undoubtedly many circumstances in its favor, and indeed 
may be considered as a well-founded geological fact. In 
this instance, if, as some geologists suppose, this ancient 
sea has been drained by the bursting of some barrier, it is 

What is taid of the great American lakes having once beeH inhnid teasf 
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a. circumstance which will account for the appearance of 
shells not situated higher than the bed of the former sea. 
But it is believed that in many places, marine organic 
remains are found, much more elevated than any reasona- 
ble hypothesis could have placed the bed of the former 
sea. The situations of these cannot, therefore, be ac- 
counted for on the supposition that they were left by the 
letiiing waters. 

535. Bones of whales and dolphins in Italy. — ^In Italy, 
besides the more common marine remains of shells and 
small fish, there are found the bones of whales and dol- 
phins ; and sometimes entire skeletons of these fish occur 
at the elevation of 1,200 feet above the sea. 

The bones of whales, thus found, are in a high state of 
preservation, and are often incrusted with oyster-shells ; a 
good proof that they have not been transported, and that 
the sea for a long time remained over them, after they had 
been denuded of their flesh. 

636. Cuvier's remarks. — But it will be seen, by the fol- 
lowing extract from Cuvier, that such appearances are 
much more common than has been supposed: 

''The lowest and most level lands," says he, "when 
penetrated to a great depth, exhibit nothing but horizon- 
tal strata, consisting of various substances, almost all of 
them containing inniunerable productions of the sea. 
Similar stmta, similar productions, compose the hills, even 
to a great height. Sometimes the shells are so numerous, 
that they form, of themselves, the entire mass of the 
stratum. They are almost every where so completely pre- 
served, that even the smallest of them retain their most 
delicate parts, their slenderest processes, and their finest 
pcHnts They are found in elevations, above the level of 
every part of the ocean, and in places to which the 
sea could not now be conveyed by any existing causes. 
They are not only enveloped in loose sands, but are in- 
crusted by the hardest stones, which they penetrate in all 
directions. Every part of the world, both the hemispheres, 
all continents, all islands of any considerable extent, ex- 
hibit the same phenomena. They have, therefore, lived in 
the sea, and have been deposited by the sea ; the sea there- 
fcnre^must have existed in the places where it has left them." 

To jfhat mltwtkm haw the bone* of fiahes been found ? 

26 
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SST. Mmcemllaek's nmmrks. — ^Wben we find, in manj 
parts of the worid. stratified rocks, fbnnin^ the summits of 
the highest mountains, elerated many thoosands of fieet 
ahore the level of the sea. and when we suppose that the 
objects we are contemplating- were once eovmd bj water, 
we are strongl v impressed with the changes which the 
relative levels (rf* the irater and land must have undeigcine.- 
And when we bnd the remains of shell-fish imbedded in 
these strata, we cannot hesitate to admk that these lOdcs 
have once been covered bv the ocean. When, lastly, we 
observe that those beds, which must once have been hoip 
zoDtaL are now vertical : that they are inclined. l»oken, 
bent, and dislocated in iimumerable ways, we are forcibly 
led to conclude, that their present distance from the sea has 
been accompanied bv \'iolent alterations in the form of the 
surface, and that it has been produced by the action of 
encmnous poweis. — MascuUoek, voL i p. 86. 

Allon^'ing that these strata have once been under the 
sea. and which, from the circumstances, is proved beyond 
all doubt or controversy, the question to be examined is, 
whether the ocean has retired to a lower level, or whether 
the land, by some enormous force, has not been elevated 
above the water. 

538. Not referable to the Deluge. — The phenomena of 
shells in strata were once attributed to the Mosaic deluge; 
but we need not, at the present day, employ arg^uments to 
show the impossibility of such an origin. 150 days was 
too short a period to have produced such effects. 

It has been ascertained that some of the Peruvian moun- 
tains contain sea-shelis. at an elevation of 14.000 feet 
above the level of the sea. and that the nature of the 
strata in which they are contained, is such as to show 
that these mountains must for a long period have been 
submerged. Hence, it is plain that no hypothesis, con- 
nected with the deluge, can explain this fact. 

Now, if the sea has retired in a gradual manner ftoni 
such a height, within a period of five or six thousand 
years, its level ought now, at this rate of depression, to be 
at least four thousand feet lower than it was two thou* 
sand years ago ; but facts, with respect to the Baltic and 
the Mediterranean, tend to prove, that since the Chhstimn 
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era, the ocean has not changed its level, in any appreciable 
degree. 

539. There is, therefore, not the least probability, or even 
possibility, that marine organic remains situated above the 
sea, or imbedded in strata at a distance from it, can be ac- 
counted for by any supposition connected with the depres- 
nou of the waters of the ocean. 

640. Evidence of the elevation of the land. — If now we 
examine the facts and arguments, tending to show that 
the land has been thrown up from the bottom of the sea, 
we shall find that the evidence amounts to little less than 
absolute demonstration that this has been the case. 

In the first place, strata composed of fragments of rocks 
of any considerable size will take the horizontal direction, 
lit is true that deposits of fine matter, as clay and sand 
from water, will at first take the impression or form of the 
bottom, when this is uneven ; but if the strata be of any 
considerable thickness, the layers will assume a horizon- 
tal, level But we shall find, on examination, that very 
few stratified rocks, in any part of the world, have pre- 
served their coincidence with the horizon. On the con- 
trary, they are inclined at various angles, and are some- 
times even quite vertical ; clearly evincing that they have 
been disturbed, and dislocated by some violence, since their 
formatibiL 

" If," says Dr. MaccuUoch, " the highly inclined posi- 
tion of strata were not itself a proof of their elevation, evi- 
dences of motion are found in a great number of phenom- 
ena. In their curvatures we find proofs of disturbance ; we 
find even more decided evidences to the same purpose, in 
their fractures. But when we see that these fractures are 
accompanied by a separation of parts which were once 
continuous, that one portion of a stratum occupies a higher 
or lower place than another, and that this separation is 
often attended by a difference in the angle of inclination 
of the separated parts, we have every proof that can be 
desired, of an alteration in the horizontal position of strati- 
fied rocks since the period when they were consolidated." 
— Geology, vol i. p. 88. 

In the kind of materials of which many inclined strata 
arexiomposed, we have additional evidence of their elevation. 

What it th* eTid«iioe of the elevation of the land t . 
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We have stated that depositions of sediment from water 
will at first take the fonn of an uneven bottom ; but we 
need not stop to prove, that fragments of rock of any con- 
siderable size, will not rest on the sides of steep declivities, 
but will roll or slide down by their own gravity. Now, 
" it is notorious," says Dr. Macculloch, ^ that the con* 
glomerates which form such conspicuous stmta in many 
countries, and which prevail chiefly at the boundary which 
separates the strata called secondary, from the primary, are 
often found in positions, not only highly inclined, but ab- 
solutely vertical. As the materials of these are often oi 
such bulks as to weigh even many hundr^ poimds, it is 
evident that the original position of the strata which con- 
tain them must have been horizontal." 

541. Evidence by marine worms. — It it is well known, 
also, that certain marine worms, which live in sand and 
mhabit straight tubular shells, invariably penetrate the 
sand in a vertical direction, whether the surface be hori- 
zontal or not. If the strata remain undisturbed, these 
shells remain in the position seen at Fig, 1. 

UGN. 106. 
Fig. 1. 





Tabular shells. 



And it needs little reflection to see that a concave, or 
dish-formed shell, when it sinks in water, must reach the 
bottom with its convexity downwards ; and hence, in all 
recent formations, such shells are always found in this 
position. But in the inclined strata, of which we are 
speaking, such tubular shells are found making various 
angles with the horizon, though they preserve their per- 
pendicularity with respect to the strata : as represented at 
b. Fig. 2 ; while had the strata been pierced after its dis- 
turbance, it would have been in the direction of c. The 
concave shells, under like circumstances, are found to 

have changed their positions, their cavities being no longer 

■ »ii ■ ' ■■..., » 

WhM eTidenee of elavation do mariire u-orms oflfffr ^ 



iqivard, but incliaed according to the posuion of tba 
strata. On the same Bubject, Dr. Ure aaja : " The erection 
of subaqueous strata into primitive mountains and plains, 
was evidently accompanied with universal disruption. 
Innumerable fragments of both the upborne and upbearing 
rocks were tossed about, and -nrashed do-wn into the con- 
gregated waters, along the precipitous shores, and over 
Sie beds of the primeval ocean. These shattered frag- 
ments, becoming agglutinated hj their own pulverulent 
cement, soon recompoBed continuous strata, which bear 
internal evidence of the violence which gave them birth. 
Thus were fonaed the transition rocks of geologists, min- 
eral masses, which denote the passage between the 
upright primitive, and the horizontal secondary strata, 
between those of inorganic and organic evidence." 




P«bblaa, (obliqi 



542. Vertieal beds of pebbles. — The convulsions which 

after a long interval caused the deluge, have dislocated 
many of these conglomerates, so that strata of rounded 
pebbles assuredly agglutinated in a horizontal position, 
are now found standing in upright walls. Thus the 

How do Tertickl bedaof pchblM lOiow Iha ilBrBden of tba UndT 
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fattious pudding-etones of V alorsine, in Savoy, are a kind 
of graywacke shist, containing rounded fragments ot 
gneiss and mica-slate, six or seven inches in diameter. 
That stones, previously rounded by attrition, should build 
themselves up into a nearly perpendicular wall, as seen at 
Lign. 107, and stand steadily thus, till fine particles ot 
hydraulic cement should have time to envelop and fix 
them in their places, is an absurd and impossible supposi- 
tion. It is, therefore, demonstrable that these puckling- 
stone strata were formed in horizontal, or slightly inclined 
beds, and erected after their accretion. Such effects 
would be produced, in the convulsive emergence of the 
pebbly banks out of the primeval ocean, either at the 
general, or by some preceding catastrophe. There are 
mountains 10,000 feet high, in the Alps, formed of firmly 
conglomerated pebbles. 

543. Elevation of the hypogoie rocks. — Another and 
most striking proof that the rocks have been elevated by 
some force acting beneath them, is exhibited by primitive 
mountains in various parts of the world. 

Here we find granite in the centre, with stratified rocks, 
as gneiss, mica-slate and clay-slate, leaning against its 
sides, sometimes nearly in a vertical position. Now, as 
these stratified rocks must have been deposited on a hori- 
zontal level, or nearly so, and sj^ely not in the highly 
inclined positions in which they are found, it is evident 
that their original positions must have been changed, and 
their inclinations caused by the same force which elevated 
the primitive mountains. 

Under the article, ** Classification of Rocks," this sub- 
ject is illustrated by a wood cut, Lign. 71, to which the 
reader is referred. 

It thus appears sufiiciently evident, that at least a great 
proportion of the habitable earth was formed in strata 
under the sea ; and that subsequently to its being consol- 
idated, chiefly in the position and form of horizontal lay- 
ers, it has been violently elevated above the water, by 
some tremendous subterranean power. Hence, the strata 
are found oblique, dislocated, and rent asunder in nearly 
every part of the world ; and from this cause it is, that 
the sea and land have exchanged places, and the moun- 
tains have been elevated ; but to the same cause, even to 
the destruction of that continuity and harmony which 
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'Seems to have existed in the form of the primitive globe, 
we must attribute many of the greatest conveniences and 
;€omforts which the present earth now affords. 

544. Benefits of these dislocations to num. — Had no dis- 
turbing forces interposed, there is reason to beheve that 
the inferior strata, now in many places elevated into hills 
tind mountains, would for ever have been concealed from 
the knowledge of man ; for wsis the earth every where 
covered with horizontal strata, lying in regular layers, 
one upon another, the same kind of formations' would 
every where exist ; and of which we should know nothing 
below the depth of actual excavations. Metallic veins, 
salt, and coal, would afford no indications of their exist- 
ence at, or near the surface. There would have been no 
mural precipices, or moimtain declivities, or out-croppings 
of strata, by which the geologist, or practical miner, would 
be enablied to judge of the interior. Nor would there have 
been any springs of water issuing from the surface of the 
earth, for it is the incUnation of the strata which directs 
the water to the surface, and its unevenness, which allows 
it to break forth in the form of springs. In plain level 
districts, no water rises to the surface. In these, and 
many other examples which might be noticed, we cannot 
but see the traces of benevolence and design, even in the 
" wreck of matter," which this earth every where dis 
plays ; and which, at every step, forces us to acknowl 
edge, not only the power, but the wisdom and kindness 
of the Almighty Builder of this, our habitation. 

545. The agent, undoubtedly volcanic action. — With 
respect to the agent which has thus thrown mountains 
and continents from the depths of the ocean, and has 
dislocated the framework of the globe, we can conceive of 
none, except volcanic, of sufficient power to produce such 
effects. It is true that no continents, or extensive moun- 
tains, have been elevated from the sea, since the historical 
era, but we have a sufficient number of examples of the 
effects of this power, even during the present age, to show 
that the established order of nature would not be changed 
by the elevation of a continent. The elevation of land to 
the extent of a hundred miles on the coast of Chili ; the 
rising of the Sabrina island out of the ocean ; and of the 
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Aleutian islands on the coast of Kamschatka, out of the 
same ; the changes made hy the force of volcanoes in the 
neighborhood of Naples, and the effects of the earthquakes 
of Calabria and Lisbon, (all of which we have described 
in the preceding pages,) afford analogies by which it is 
not unreasonable to conclude, that it was the same kind 
of force which broke in pieces the crust of the primeval 
globe, and raised the habitable earth from the ocean's bed. 
At what period of the creation these great changes 
took place, we must remain in ignorance, but it is improb- 
able that they were all effected at the same time. On the 
contrary, the appearance of the strata seems to indicate a 
succession of revolutions at different, and perhaps remote 
periods from each other. These revolutions appear to 
have been before the creation of man and animals, and 
probably by such means did the wisdom and benevolence 
of the Creator prepare a place for their reception and 
comfort 



PART V. 

EFFECTS OF CAUSES NOW IN OPERATION 
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AQUEOUS CAUSES. 



546. Ha VINO described the effects of igneous forces m 
efl^ting changes on the crust of the earth, we now 
come to the consideration of some of those changes which 
have been produced by the action of water. 

As we have already seen, the earth almost every where 
presents satisfactory proof of having undergone great and 
terrible changes, and which geologists all coincide in 
believing, have been the effects of volcanic action, at some 
remote period ; but no positive evidence of either cause or 
effects can be produced on this subject at the present day, 
since no high mountains or deep valleys have been formed, 
within the age of history. But it is quite certain that 
these changes in the earth's surface have not been pro- 
duced by any general causes now in operation. 

547. Local causes will not account for the effects prO' 
duced. — It is true, that in a few instances, local causes 
have produced considerable changes within confined 
limits, as where volcanoes have raised craters, and extra- 
ordinary floods of water have made excavations, both 
within the memory of man, or within the epochs of his- 
tory ; but these causes, though supposed to have operated 
constantly, from the remotest period which the imagina- 
tion can suggest, will fail to account for the changes 
which it is evident the earth has imdergone, since the 
stratified rocks were deposited and living existences 
created. We may hence conclude, either that the causes 
which produced such mighty effects have entirely ceased, 

What is said of the changeit in the earth's sorface being produced bv 
existing causes T 
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and are unknown to us, or that they operated with 
infinitely greater force formerly, than at present. 

It being one of the chief objects of geology to point out 
the changes which the crust of the earth has undergone, 
and, if possible, to account for these, it becomes necessary 
that the causes now operating, the effects of which are 
apparent, should be described and distinguished from those, 
the effects only, not the causes of which, are certainly 
known at the present time. 

GENERAL EFFECTS OF RUNNING WATER. 

548. Aqueous effects of mountains. — It is well known 
that mountains, or lands elevated far above the level of the 
sea, attract the moisture of the atmosphere, in some pro- 
portion to their elevation. By this provision, the higher 
regions of the earth become perpetual reservoirs of water, 
which descend and irrigate the plains and valleys below. 
Thus, a great proportion of the water which falls upon the 
earth, is carried first to the higher regions ; and then made 
to descend, often by steep declivities, towards the sea; sd 
that it acquires a rapid velocity, and removes a greater 
quantity of soil, than it would do if the rain was equally 
distributed on the mountains and plains. Thus, without 
reference to the disintegration or decay of rocks, the water 
constantly transports more or less soil and gravel from the 
hills to the plains. 

649. Mechanical effects of water. — Among the most pow- 
erful agents in effecting the decay of rocks, is the mechan- 
ical action of water, especially in cold climates. It is well 
known that water expands in the act of freezing. The 
effect of this expansion is so powerful as to burst bomb- 
shells, and large cannon, when closely confined in them. 
When, therefore, water falls into the fissures of rocks, and 
there freezes, the rocks are rent apart with the force of a 
powerful lever; and the more porous ones are divided into 
small pieces. These are often further divided by the fire^ 
quent fall, and consequent crushing and grinding motion of 
one rock on another on the declivities of the mountains. 
Water also has the power of dissolving considerable quan- 
tities of some kinds of rocks, especially those of the lime- 
stone and gypsum kinds. The oxygen of the atmosphere 

What are the mechanical effects of running water f 
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w another cause of the decay of rocks. ^ This element is 
graducdly absorbed by all animal and vegetable substances, 
and by almost all mineral masses exposed to the open 
air. It gradually destroys the equilibrium of the elements 
of rocks, even the hsirdest aggregates belonging to otir 
globe."— 5tr H, Doxy. 

LION. 106. 




Running water. 

550. Attrition of running water. — When earthy matter 
has been once mixed with running water, a new mechan- 
ical power is obtained by the attrition of sandand pebbles^ 
borne along by the violence of the stream. Rapid streams^ 
charged with foreign matter, and thrown against theii 
rocky sides, will, in the course of time, produce excavations 
in consequence of which, rocks are often undermined, and 
precipitated into their beds. The water being thus ob- 
structed, accumulates, and cuts for itself a new channel 
taking with it an additional quantity of earth. In this 
manner, also, the stream is often made to take a new direc- 
tion, perhaps obliquely across the valley through which 
it runs. The imequal hardness of the soil is another 
Clause of change in the direction of streams, and so also 
are logs of wood, leaves, and other matters, with which 
Streams are often charged. When from these, or other 
causes, a current is made to deviate from its course, it 
^adually wears a curve into the opposite bank, where 
the water for a moment accumulates, and then, receiving 
a different direction from the lower side of the curve, shoots 
across to the opposite side, where a similar curve is soon 
formed, and the water made to rScross the channel as 
before. Thus, we often see brooks and rivers crossing and 
rficrossing the valleys through which they run, many 
times; smd sometimes, after taking a wide sweep, return- 
ing again nearly to the point where the same water had 
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passed, an hour, or many hours before. When this hap- 
pens, and eyery one has seen such mstances, it is often the 
case that during some overflow of the stream, the water 
cuts across the isthmus at A, as seen by Lign. 108, and 
thus forms an island. In consequence of this, the water 
not only takes a new direction at that particular point, 
but often the foundation is thus laid for considerable 
changes below the island. 

551. Fertile valleys formed hy rivers. — These serpentine 
windings, not only take place in trout brooks, but in the 
largest rivers, and thus become the means of leveling and 
fertilizing tracts of country, of greater or less extent. The 
Mississippi, through a considerable part of its course, cuts 
across its immense valley in the manner here described, 
and sometimes, after running ten or twenty miles, returns 
back again nearly to the same point. The fertile valley 
of the Connecticut has been formed, in a great measure, by 
the same means The rich meadows, now every yeajr 
irrigated by its waters, have been formed, in the course of 
time, by the changes of its bed. This is shown by the 
logs of wood uncovered in its banks by every new change 
its current makes at the present time. Charcoal and other 
organic substances, have been found 20 feet below the 
present surface of its banks. 

552. The buoyancy of water in transporting rocks. — la 
estimating the transporting power of water, we are apt to 
forget its buoyancy; and on which, inde^ its power of 
moving heavy substances, such as rocks, in a great meas- 
ure depends. The specific gravity of many rocks is Httle 
more than twice that of water, that of granite and lime- 
stone being about 2.50, that is, two and a half times, b\ilk 
for bulk, the weight of water. Hence, a stone, weighing 
twenty-five pounds in the air, or under ordinary circum- 
stances, will weigh only fifteen pounds when immersed in 
water. Those who have never tried the experiment of 
hfting a stone under water, will be surprised to find with 
what ease he can raise a block of granite to the surface, 
above which, however, with all his efforts, he cannot lift it. 
If a man can lift a stone weighing one hundred pounds 
whose specific gravity is two, in the air, he can lift one 
weighing two hundred pounds in the water, because the 

How are fertile valleys formed by rivers ? What proportion of a nek 
does the water lift ? 
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fluid lifts just one-half of its weight. It is from our not 
taking this circumstance into account, that we are often 
surprised at the power of torrents to move stones of great 

8*26. 

553. Effects of the velocity of water. — According to ex- 
periments recorded in the Encyclopedia Britannica, a 
velocity of water equal to three inches per second is suffi- 
cient to tear up fine clay ; six inches per second, fine sand ; 
twelve inches per second, fine gravel ; and three feet per 
second, small stones. It is obvious, however, that the depth 
of the water will influence these results, and that the 
power of moving bodies will be in proportion to its depth 
and velocity. 

Since the time of historical records, the power of run- 
ning water has produced many and great changes in 
various parts of the world. In some instances, lakes have 
l)een filled up; in others, deep ravines have been formed; 
in others, whole districts have been ruined in consequence 
of rivers having changed their beds, and in others, consid- 
erable tracts of land have been accumulated, or sometimes 
swept away, by the force of mountain torrents. 

EFFECTS OF THE RIVER PO. 

554. The Po affords a grand example of the manner in 
which a great and rapid stream, bears down to the sea 
the alluvial matter poured into it by a multitude of tribu- 
taries, descending from lofty chains of mountains. The 
changes gradually produced by this river, in the great 
plains of Northern Italy, since the time of the Roman 
Republic, have been exceedingly disastrous to some parts 
of that country. Extensive lakes, and marshes, have been 
slowly filled up, as those of Placentia, Parma, and Cre- 
mona, while others have been drained by the same cause. 
Since 1390, the Po deserted its bed through a part of the 
territory of Cremona, and invaded that of Parma, its old 
channel being still obvious, and retaining the name of Po 
morto, or dead Po. The town of Bressello, which formerly 
stood on the left bank of the river, now stands on the right; 
the river, not the town, having changed its locality. In 
the ancient parish records it is stated, that several churches 
were taken down, and afterwards rebuilt at a greater dis- 

What is said of the effects of the Po, in transporting solid matter f 
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taiice from the new bed of this devastating stream ; and in 
1471, the friars of a monastery pulled down their edifice, 
and erected it at a greater distance from the Po. 

555. Embankment of the Po. — To keep this wild stream 
within bounds, a general system of embankment through 
the plains of Northern Italy, was commenced in the thir- 
teenth century, which has continually been increased 
until the present time. The increased velocity of the river, 
in consequence of its being thus confined, causes it to 
transport to the sea a much greater quantity of alluvial 
matter than it would otherwise do, because there are no 
sluggish intervals where its waters can deposit their sed- 
iment. Hence, the delta of the Po, even since the mem- 
ory of man, has greatly increased. The ancient city of 
Adria was originally a sea-port of the Adriatic, but it is now 
twenty miles from the shore. In the twelfth century, 
Adria was about six miles from the shore, the Po having 
added fourteen miles of alluvial soil since that period. 

But notwithstanding more alluvial matter is carried into 
the sea in consequence of this embankment, more is also 
deposited in its bed ; for that which would be spread upon 
the plains during an overflow, is now confined within the 
narrow limits of its banks. In consequence of this con- 
stant deposition, it is found necessary every year to remove 
the mud and sand from the bed of the river, and place it 
on the embankment ; otherwise the water would be in dan- 
ger of breaking through, and destroying the whole plain 
below. 

This system has been so long continued that, at the 
present day, the Po crosses its plains to a considerable dis- 
tance, on the top of a high and continued mound, like the 
waters of an aqueduct, and to the great hazard and terror 
of the people in the valleys, every spring. 

M. de Prony, who has recently been employed by gov- 
ernment to examine the present condition of this river, and, 
if possible, to suggest some method of security against a 
catastrophe which every year threatens the lives and prop- 
erty of so many inhabitants, ascertained that the bed of 
the Po is now higher than the roofs of the houses in the 
city of Ferrara, near which it runs. The magnitude of 
these barriers, already so immense, it is found necessary to 
increase every year, to prevent an inundation. — Lyeli and 
Cuvier. 
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When we consider that the smallest stream, breakmg 
through or runoing over this embankment, would, if not 
discovered within a few seconds, destroy, in spite of all 
human power, many cities, towns, and villages, with ali 
their inhabitants, we may in some degree conceive of the 
constant ansdety which those must feel who reside within 
the danger. 

FALLS OF NIAGARA. 

556. This is the most magnificent water-fall in the 
world. It is situated between lake Erie above, and lake 
Ontario below ; the cataract being formed by the passage 
of the water from one lake to the other. The distance 
between the nearest shores of these lakes is about thirtjjr- 
seven miles, and the height of Erie above Ontario is, 
according to Mr. Featherstonhaugh, 322 feet. On flow- 
ing out of the upper lake, the river is almost on a level 
with its banks, so that, if it should rise perpendicularly 
eight or ten feet, it would lay under water the adjacent 
flat country, of Upper Canada on the west, and part of the 
state of New York on the east. The river where it issues, 
is about twenty-five feet deep, and three quarters of a mile 
wide. Its descent is fifty feet in half a mile. Groat island, 
at the very verge of the cataract, divides the water into 
two parts. The stream on the American side is 1,072 
feet wide ; and the cunT^ture of the great Horse-shoe fall 
is 2,376 feet wide ; making the width of the whole at the 
falls, 3,448 feet. 

Although the aggregate descent from Erie to Ontario is 
.322 feet, the perpendicular fall at the cataract is less than 
one-half this distance. 

The following particulars are from Mr. Featherston- 
haugh's journal: 
Fall from Erie to the rapids above the Cata- feet. miles. 

ract of Niagara, 15 in 23 

Fall of the rapids to the edge of the Cataract, 51 i 

Fall of the Horse-shoe Cataract, . . . .150 
Prom Horse-shoe fall to Lewiston, . . . . 104 ) .« 
From Lewiston to Ontario, 2 ^ 

322 36i 

Where are the falls of Niagara 7 What is the height of Erie above 
Ontario? 
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557 The falls once at Quernston. — There is no doubt 
but the Falls of Niagara, at some remote period, were at 
Queenston, which is about seven miles below their present 
situation. The breadth of the gorge or excavation made 
by the 'waters, is, on approaching the falls, about 1,200 
feet, but is much narrower towards Queenston. 

The kind of rock through which it passes consists of 
limestone and shale, the latter a dark-colored shelly form- 
ation, 80 feet thick, lying under the Umestone. The 
limestone is 70 feet thick, above which is the ordinary soil 
of the country. 

The limestone is hard, and lies in horizontal strata at 
the edge of the falls ; but the shale is soft, and is acted 
upon with much greater facility than the limestone, so that 
the latter rock often overhangs the former, perhaps forty 
feet at the edge of the precipice. 

The blasts of wind charged with spray, which rise out 
of the pool into which this enormous cascade is projected, 
strike against the shale beds, so that their disintegration 
is constant ; and the superincumbent projecting hmestone, 
being left without a foundation, falls from time to time in 
immense rocky masses. When these enormous fragments 
fall, a shock is felt, often at considerable distances, ac- 
companied by a noise resembling a distant clap of thunder. 

The waters, which expand at the falls, where they are 
divided by the island, are contracted again after their 
union into a stream, averaging not more than 500 feet 
broad. In the narrow channel, immediately below this 
immense rush of waters, a boat may pass across the stream 
with safety. The pool into which the cataract is pre- 
cipitated, being 170 feet deep, the descending water sinks 
down, and forms an under current, while the superficial 
eddy carries the upper stream back towards the main falL 
{See Mr. Bakewell, Jr., on the falls of Niagara, London 
Magazine, 1830.) 

558. Mr. LyelVs estimates. — Mr. Lyell, who refers the 
changes whicKi have taken place on the earth's surface 
to " causes now in operation," states that the recession of 
the falls has been at the rate oi fifty yards in forty years, 
and therefore a little more than three feet on an average iii 
each year. 



At what place is it said the falls were once situated ? 
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If the ratio of recession, says he, " had never exceeded 
fifty yards in forty years, it must have required nearly ten 
thousand years for the excavation of the whole ravine ; 
but no probable conjecture can be offered as to the quantity 
of time consumed in such an operation, because the retro- 
grade movement may have been much more rapid when 
the whole current was confined within a space not ex- 
ceeding a fourth, or a fifth, part of that which the falls 
now occupy. Should the erosive action not be accelerated 
in futiure, it will take upwards of thirty thousand years for 
the falls to reach lake Erie (twenty-five miles distant) to 
which they seem destined to arrive in the course of time, 
unless some earthquake changes the relative levels of the 
districts. The table-land extending from lake Erie, con- 
sists uniformly of the same geological formations as are 
now exposed at the falls. The upper stratum is an an- 
cient alluvial sand, varying in thickness from 10 to 140 
feet ; below which, is a bed of hard limestone, about 90 
feet in thickness, stretching nearly in a horizontal direction 
over the whole country, and forming the bed of the river 
above the falls, as do the inferior shales below. The lower 
shale is nearly of the same thickness of the limestone." 

559. " Should lake Erie remain in its present state until 
the period when the ravine recedes to its shores, the sudden 
escape of that great body of water would cause a tremen- 
dous deluge J for the ravine would be nlore than sufiicient 
(in depth, we suppose,) to drain the whole lake, of which 
the average depth was found, during the late surveys, to 
be ten or twelve fathoms." — LyelVs Geology^ vol. i. pp. 
179-182. 

Although Mr. Lyell owns that no probable conjecture 
can be afforded with respect to the time which has 
elapsed since the falls of Niagara were at Glueenston, still, 
it is obvious that the impression intended to be left on the 
mind of the reader is, that it was about 10,000 years ago ; 
that is, about 4,000 years before the creation, according to 
Moses, these falls were at Clueenston. And at some fu- 
ture period, say 30,000 years hence, there will be a great 
flood in America, just as there have happened great floods 
at different periods, according to what he calls the " uni- 
formity of the order of nature." 

Now, let us see, in the first place, whether the data 
stated by the author can possibly warrant the supposition, 

27* 



818 FALLS OF NTAOABA. 

that the falls of Niagara have been 10,000 jeais, or even 
half that time, in passing from Queenston to their present 
location. 

Mr. Lyell, who quotes Capt. Basil Hall for his authority, 
makes the falls 800 yards wide at the verge of the pre- 
cipice ; viz : the American fall 200 yards, and the Horse- 
shoe fall 600 yards wide. The channel below the falls 
towards Gtueenston, according to the same authority, is 
160 yards wide. Mr. Featherstonhaugh, {Monthly Ameri' 
can Journal^ No. 1,) we have already seen, makes all these 
widths more considerable. But we will take Mr. Lyell's 
own account. 

560. The old channel, being 160 yards wide, is exactly 
one-fifth the width of the present falls. Now, supposing 
the retrograde movement of the cataract had been in pro- 
portion to its width, then, according to Mr. Lyell's esti- 
mate, it 'could have been only 2,000 years in traveling from 
Clueenston to its present place ; for 160 being a fifth of 
800, and allowing the present movement to be at the rate 
of 7 miles in 10,000 years, then, being only a fifth as wide, 
anciently, as now, there is reason to beUeve that it moved 
at least five times as fast. But reasoning from the data 
before us, the time must have been even less than 2,000 
years ; for it is plain that a given quantity of water, say a 
yard in breadth, would perform the work of excavation more 
than five times as rapidly as it would if spread over five 
yards in breadth. It is, however, but fair to state, that the 
falls at Gtueenston were not so high as they are at present; 
and therefore, estimating the quantity of water the same 
as at present, the movement must have been slower than 
now. For we know that the denudating, or excavating 
power of water, bears not only a proportion to its depth 
and rapidity, but also to the height from which it falls ; 
so that cataracts of little elevation produce no perceptible 
eflfects for centuries, while, if, the same quantity of water 
were precipitated from a height of several hundred feet, 
the whole precipice would gradually retrograde up the 
stream. Allowing, therefore, that the falls moved only at 
half the rate above estimated, this would fix the time at 
4,000 years since they were at Clueenston. 

561. Mr. LyelVs personal examination of the Falls of 
Niagara. — In 1842, Mr. Lyell visited, in person, the Falls 
of Niagara, and it cannot biit be interesting to every in- 
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quirer on such subjects to know the opinion of so cele- 
brated a geologist, on the most magnificent cataract in the 
world. We therefore make the following extract from his 
travels in North America : 

** The next inquiry into which we are naturally led by 
our retrospect of the past history of this region, relates to 
the origin of the Falls. If they were once seven miles 
northward of their present site, in what manner, and at 
what geological period, did they first come into existence?" 
I shall endeavor to show, in a subsequent chapter, when 
speaking of Canada, that this drift (previously mentioned) 
was of marine origin, and formed when the whole coimtry 
was submerged beneath the sea. In the region of the 
Niagara, it [the drift] is stratified, and though no fossils 
have as yet been detected in it, similar deposits occur in 
the valley of the St. Lawrence, at Montreal, at a height 
nearly equal to Lake Erie, where fossil shells, of species 
such as now inhabit the northern seas, lie buried in the 
drift. 

"It is almost superfluous to aflSrm, that a consideration 
of the geology of the whole basin of the St. Lawrence, 
and the great lakes, can alone entitle us to speculate on 
the state of things which immediately preceded, or accom- 
panied the origin of the great cataract. To give even a 
brief sketch of the various phenomena to which our at- 
tention must be directed, in order to solve this curious prob- 
lem, would require a digression of several chapters. At 
present, the shortest and most intelligible way of explain- 
ing the results of my observations and reflections on this 
subject, will be to describe the successive changes, in the 
order in which I imagine them to have happened." 

562. Elevation and submergence of the land. — " The first 
event then to which we must recur, is the superficial waste 
or denudation of the older stratified rocks, all of which 
had remained nearly undisturbed and horizontal, from the 
era of their formation beneath' the sea to a comparatively 
modem period. That they were all of marine *origin is 
proved by their imbedded corals and shells. They at 
length emerged slowly, and portions of their edges were 
removed by the action of the waves and currents, by which 
cliffs were formed at successive heights, especially where 
hard Umestones, as at Blackrock and Lewiston, were in- 
cumbent on soft shales. After this denudation, the whole 
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region was again gradually submerged and this event 
took place during the glacial period, at which time the 
surface of the rocks already denuded were smoothed, pol- 
ished, and furrowed by glacial action. The country waa 
then buried under a load of stratified sand, gravel, and 
erratic blocks, occasionally 80, and in some hollows more 
than 300 feet deep. The period of submergence last 
alluded to was very modem ; for the shells then inhabiting 
the ocean belong^ almost without exception, to species 
still Uving in high northern, and, some of them, temperate 
latitudes." 

563. Intermittent reemergence of the country. — ^ The 
next great change was the rftemergence of this country, 
consisting of the ancient denuded rocks, covered indis- 
criminately with modem marine drift. This upward move- 
ment was not sudden and instantaneous, but gmdual and 
intermittent. The pauses by which it was intermpted are 
marked by ancient beach hnes, ridges, and terraces, found 
at different heights above the present lakes." 

Formation of the cascade at Queenston. — " As soon as the 
table-land between Lake Erie and Ontario emerged, and 
was laid dry, the river Niagara came into existence, the 
basin of Lake Ontario still continuing to form a part of 
the sea. From that moment there was a cascade at 
Glueenston, of moderate height, which fell directly into the 
sea. The uppermost limestone and subjacent slate, being 
exposed, the cataract commenced its retrograde course, 
while the lower beds were still protected from waste by 
remaining submerged." 

Mr. Lyell supposes that, besides the fall at Clueenston, 
there were two others, between that place and where the 
Falls now are, and that in process of time, they have all 
imited, by the action of the water on the rocks below, thus 
forming one grand cataract. — Travels, vol. i. pp. 38-40. 

AMERICAN DKLUUK. 

564. With respect to the deluge, which Mr. Lyell pre- 
dicts will happen about 30,000 years hence in North 
America, we will state the grounds on which his pro- 
foundly scientific vision presages a catastrophe so awful 
to this devoted country. 

" It was," says he, " contrary to analogy to suppose that 
nature had been, at any former epoch, parsimonious of time. 
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and prodigal of violence, to imagine that orle district was 
not at rest while another was convulsed ; that the dis- 
turbing forces were not kept under subjection, so as never 
to carry simultaneous desolation over the whole earth, or 
even over one great region." **** « Ji^ speculating on 
catastrophes by water, we may certainly expect great 
floods in future, and we therefore presume that they have 
happened again and again in past times. I'he existence 
of enormous seas of fresh water, such as the North Ameri- 
can lakes, the largest of which is elevated more than 600 
feet above the level of the ocean, and is in part 1,200 feet 
deep, is alone sufficient to assure us, that the time will 
come, however distant, when a deluge will lay waste a 
considerable part of the American continent. No hypo- 
thetical agency is required to cause the sudden escape of 
the confined waters. Such changes of level and opening 
of fissures, as have accompanied earthquakes since the 
commencement of the present century, or such excava- 
tions of ravines as the receding cataract of Niagara is now 
ef^ting, might break the barriers. Notwithstanding, 
therefore, that we have not witnessed within the last 3,000 
years the devastation by deluge of a large continent, yei 
as we may predict the future occurrence of such catas- 
trophes, we are authorized to regard them as part of the 
present order of nature, and they may be introduced into 
geological speculations respecting the past, provided we 
do not imagine them to have been more frequent or gen- 
eral than we expect them to be iri time to come." — Prin- 
eipies of Geology, vol. i. p. 88. 

565. Mr. Lyell's argument runs thus : " Because there 
are great lakes in North America, situated 600 feet above 
the sea, and because the cataract of Niagara is receding 
towards these lakes at the rate of fifty yards in forty 
years ; therefore, we may anticipate great floods in future, 
and we therefore presume that they have happened again 
and again in past times." Consequently, we must pre- 
sume that all the changes the earth has undergone by 
water, have been produced by such catastrophes, and 
therefore Noah's flood never happened, and so the Mosaic 
history is not to be believed. 

It is plain that Mr. LyelPs zeal to show that there has 
been no universal deluge, made him forget, that in another 
part of his volume, he states that the quantity of sediment 



which is eroy jtmi deposited in lake Ene, is such, Uutt 
it will finally be filled up. and become dij lai^ ; and as he 
does not expect the cataract of ^uagaia will drain this 
lake until the end of 30,000 jeais, we may hope that it 
will become solid within that period. 

But independently of this oversight, no perscm of the 
least reflection, whether geologist or not, would for a 
moment believe that a lake, formed like a dish, and sur- 
rounded on all sides by solid limestone rocks, 90 feet thick, 
as Erie is, could be drained to its bottom in a few hours by 
the action of its own waters. Suppose the cataract ^ 
Niagara now at the outlet of lake Erie, and moving into 
it at the rate of 50 yards in 40 years, or a httle more than 
a yard per year, we would inquire of Mr. Lyell how long 
a period would be consumed in draining it to the botUnn, 
and whether the escape of its waters thus suddanj ^ would 
cause a tremendous deluge," as he asserts. 



MOUNTAIN 8LIDE8. 



566. Instances have happened in various parts of the 
world, where considerable changes have been produced in 
the surface of the globe, by the shding of large portions of 
earth, together with fragments of rocks, from the dechvi- 
ties of mountains. These changes are readily distin- 
guished from those occasioned by the general deluge, not 
only by their local and more recent appearance, but also 
by the direction in which these precipitated rocks remain 
with respect to the range of the mountain from which 
they have fallen. For the great currents of the deluge 
left their effect in lines corresponding with the ranges ot 
most of the high mountains and considerable valleys, 
where they are still to be seen ; whereas, occasional shdes 
leave their effects at the feet of the mountains, in piles, oi 
downward ranges. 

SLIDE OF THE WHITE MOUNTAINS. 

567. The White Mountains are situated in New Hamp- 
shire, and are the highest land in New England. The 
slide to be described took place in August, 1826, and was 
in consequence of the fall of an immense quantity of rain 
on the mountain. 

On both sides of the river Saco, innumerable rocks and 
stones, many of them of sufficient size to fill a commoci 
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apartment, were detached; and, in their descent, swept 
down before them, in one promiscuous and frightful rum, 
forest shrubs, and the earth in which they grew. No 
tradition existed of any similar catastrophe at former 
times, and the growth of the forests on the flanks of the 
mountain, clearly proved that, at least for a long interval, 
nothing similar had occurred. One of these moving 
masses was afterwards found to have slid three miles, 
consisting of rocks, earth, trees, &c., with an average 
breadth of a quarter of a mile. The excavations com- 
menced generally in a trench, a few yards in depth, and 
a few rods in width, and descended the mountain, widen- 
ing and deepening, until they became vast chasms. For- 
ests of spruce and hemlock were apparently prostrated 
with as much ease as if they had been fields of grain. 
The valleys of the rivers Amunoosuck and Saco, presented 
for many miles an uninterrupted scene of desolation ; all 
the bridges being carried away, and the ground strewed 
with the wrecks of trees and rocks, and in many instances 
large quantities of soil. In some places the road was 
excavated to the depth of 15 or 20 feet ; and in others, it 
was covered with rocks, trees and soil, to as great a 
height. In various places, as shown by the remaining 
marks, the water rose to the height of 25 feet above its 
ordinary level. 

But these things are of little consequence, when com- 
|iared with the human suffering which this catastrophe 
4)Ccasioned ; for a family of nine persons was destroyed on 
the night of the 28th, and not one Uved to relate the cir- 
cumstances. 

This family, named Willey, occupied a house at the 
iooi of the mountain, a most lonely place, six miles from 
any other human habitation. It was a resting-place for 
travelers. On the morning of the 28th, the house was 
found standing, but not a human being was there. In 
the course of a few days, seven out of the nine bodies 
were found at a short distance below the house, buried 
under the ruins of the mountain, and most of them shock- 
ingly mangled. It appeared that one of the heaviest 
fll^es from the top of the mountain, had rushed in the 
most impetuous manner towards the house, but when 
within six feet of it, had divided, and passed on each side, 
leaving the house untouched, but sweeping away the 
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fitables and horses. At this time it is supposed that the 
faiaily left the house, and met their destruction ; had they 
remained, all would have been safe. — Silliman^s Journal 
for January^ 1829. 

568. Flood in the Valley of Bagnes, in 1818. — The 
Valley of Bagnes forms a part of the main valley of 
the Rhone, above the lake of Geneva, in Switzerland. 
Through this valley passes the river Dranse, which falls 
into the Rhone, above the lake. In 1818, in consequence 
of the fall of avalanches, the Dranse was completely 
dammed up, so that a barrier of ice remained across its 
channel, until the melting of the snow in the spring 
formed a lake in its bed, a mile and a half in length, 
about seven hundred feet wide, and in some places two 
hundred feet deep. To prevent the consequences appre- 
hended from the sudden bursting of this barrier, the people 
cut a tunnel through it, several hundred feet in length, 
before the water had risen to any considerable height. 
When the water had accumulated so as to reach this 
tunnel, or gallery, it ran through, and melting the ice, it 
drained off about one half of the lake. But at length, on 
the approach of the hot season, the central portion of the 
remaining mass of ice gave way with a tremendous crash, 
and the residue of the lake was emptied in half an hour. 
In the course of its descent, the water encountered several 
narrow gorges, and at each of these it rose to a great 
height, and then bursting its barriers, rushed forward with 
increased violence, sweeping along rocks, houses, trees, 
bridges, and cultivated lands. * For the greater part of its 
course, the flood resembled a moving mass of rocks and 
mud, rather than of water. Some fragments of primary 
rock, of enormous magnitude, and which, from their dimen- 
sions, might be compared, without exaggeration, to houses, 
were torn out of a more ancient alluvion, and borne down 
for a quarter of a mile. The velocity of the water, in the 
first part of its course, was thirty-three feet per second* 
which diminished to six feet, before it reached the lake oi 
Geneva, where it arrived in six hours, the distance being 
forty-five miles. 

This flood left behind it, on the plains of Martigny. 
thousands of trees torn up by the roots, together with the 
fragments of many buildings. Some of the houses in the 
town of Martigny, were filled with mud, up to the second 
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stoiy. After expanding in the plain, where the town 
stands, it passed into the Rhone, and did no further dam- 
age. Many hves were destroyed by this flood, and the 
bodies of several persons were found on the surface of 
the Geneva lake, 30 miles from the place where they were 
swept away. 



CHAPTER XXXVII. 



CHANGES EFFECTED BY SPRINGS. 

The theory of springs will be reserved for another 
place. At present, our object will be to show the effects 
which springs have had in changing the surface of the 
globe. 

569 Calcareous tufoj or travertine. — It is obvious that 
springs of pure water, unless uncommonly powerful, will 
pcoduce but little effect on the surface along which they 
run, and, with a few exceptions, their excavating effects 
are scarcely to be taken into account. But springs which 
contain carbonic acid gas, often hold considerable quanti- 
ties of calcareous matter in solution, and which is depos- 
ited along their courses, producing what geologists term 
calcareous tufa, or travertine. 

These deposits are generally porous, and mixed with 
leaves, bits of wood, mud, &c., but when more pure, they 
are so solid as to be employed for building-stones. Many 
of these springs are thermal, or warm, and abound chiefly 
in volcanic countries. 

In those parts of France and Italy which skirt the 
Appenines, innumerable mineral springs, chiefly containing 
carbonate of lime, issue from the ground. As the water 
evaporates, tne lime is left on the surface, and thus the 
ground in some parts of Tuscany is covered to a consider- 
able extent with the kind of deposit called travertine, 
already noticed. In some places these deposits are solid, 
and smooth on the surface, much resembling currents of 
lava. 

.28 
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BATHS or SAN VIGNONE. 



This spring is also in Tuscany, and affords a striking 
example of the rapid precipitation of carbonate of lime 
from thermal waters. The spring issues from near the 
summit of a hill, about one hundred feet high. The 
water is hot, but Mr. Lyell, from whom this account is 
taken, does not give its temperature. 

So rapid is the deposition from this water, that a pipe, 
leading from the spring to the baths, and inclined at an 
angle of thirty degrees, is found to contain a coat of solid 
limestone, half a foot thick, every year. A mass of soHd 
rock, below the hill, formed by this water, is two hundred 
feet thick. This is employe! as a building-stone, and in 
quarrying it, Roman remains of art, such as tiles, have 
been found five or six feet below the surface, being covered 
by the deposit. 
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These baths are situated only a few miles from those 
already described. The waters which supply them are 
impregnated with carbonate of lime and sulphate of lime, 
(gypsum.) They flow from the spring immediately into 
a pond, where in twenty years a solid rock is deposited, 
thirty feet thick. A curious manufactory, which produces 
medallions in basso-relievo^ is carried on at this place. 

570. Manufacture of medallions. — The water is first 
allowed to stand in a cistern, where the sulphate of lime 
is deposited. It is then conveyed to a chamber, through * 
a tube, from the end of which it falls ten or twelve feet, 
the current being broken by numerous small sticks cross- 
ing each other, and by which means the spray is dis- 
persed around the room. Here are placed the molds of 
the medallions to be formed, which are first rubbed over 
with a little soap. The water, strikina: on these molds, 
leaves particles of carbonate of lime, which, gradually 
increasing, leaves exact and beautifully white casts of 
their figures. 

The solid matter left by this spring, is a mass of lime- 
stone and gypsum rock, a mile and a quarter long, the 
third of a mile in breadth, and in some places, at least two 
hundred and fifty feet in thickness. The length of this 
deposit terminates abruptly, being crossed by a small 
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Stream, which carries away the undeposited matter with 
the waters of the spring, otherwise it would have been 
much more extensive. 

571. Time indicated by this spring. — Th^ quantity of 
matter deposited from these springs, shows the newness of 
the earth, or at least of the present order of things on its 
surface ; for had they existed at the period when Mr. Lyell 
supposes the cataract of Niagara was at Clueenston, and 
discharged their waters, and formed depositions, as they 
do at the present day, and which it is certain they did at 
the time of the Romans, these strata ought to have been 
at least ten thousand feet thick. 

It is apparent, from what has been stated concerning 
calcareous springs, that in the lapse of ages, considerable 
changes must have been made in the earth's surface 
from this source. But it must not be forgotten that this 
eause is local in its nature, being confined chiefly to vol- 
canic districts ; and that even such districts seldom con- 
lain springs which work such changes as are above 
described. 

8ILICIOUS SPRINGS. 

572. Solution of silex in water. — Although we possess 
ho chemical process by which water can be made to dis- 
filolve pure silex, or flint, yet, in the great laboratory of 
nature, this effect is produced. There is, however, a pro- 
cess in chemistry, in which, by a previous combination, 
Bilex becomes soluble in water, and which, perhaps, affords 
an analogy to the process employed by nature. If silex 
be finely pulverized, and then melted with a quantity of 
common alkali, the whole becomes soluble in hot water. 
Now, springs containing any considerable quantity of 
silex, are always of high temperatures ; and it is to the 
great degree of heat which exists at their sources, togethei 
with small portions of alkali, which volcanic rocks con- 
tain, and which the water dissolves, that we are to 
attribute the property these waters possess, of holding 
silex in solution. Springs containing any considerable 
quantity of silex, are, however, exceedingly rare, and are 
mentioned here, rather on this account, than for the 
changes they have produced on the earth's surface. 

573. Geysers of Iceland. — But the Greysers of Iceland 
affi[>rd the most remarkable examples of the deposition of 
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silex. These springs are situated in a volcanic district, 
the surface of the ground out of which they rise being 
covered with streams of ancient lava, through the fissures 
of which, steam and hot water are emitted in various 
places. 

The great Geyser, which has excited so much interest, 
on account of the singular phenomena which it exhibits, 
rises out of a basin at the summit of a circular moimd, 
composed of sihcious incrustations, deposited from the 
spray of its waters. The diameter of this basin, or crater, 
is fifty-six feet in one direction, and forty-six in the other. 

In the centre of this basin, is a natiutil pipe, seventy- 
eight feet in perpendicular depth, and from eight to ten 
feet in diameter, gradually widening as it opens into the 
basin. The basin, as the spring intermits, is sometimes 
empty ; but is more commonly filled with beautifully trans- 
psurent boiling-hot water, which is often in a state of vio- 
lent ebullition. During the rise of the water up the pipe, 
especially when the ebullition is most violent, subterra- 
nean noises are heard, like the distant firing of cannon, and 
a slight tremor of the earth is felt near the place. The 
sound then increases, and the motion of the earth becomes 
more violent, until at length a colunm of water is thrown 
up from the pipe, in a perpendicular direction, to the height 
of from one to two hundred feet, attended with loud 
explosions. This is continued, with interruptions, like an 
artificial fountain, for a few minutes ; the water at the 
same time giving off immense quantities of steam and 
vapor ; when the pipe is evacuated by the discharge of its 
whole contents of water, and there follows an immense 
column of steam, which rushes up with amazing force, 
and a loud thundering noise ; after which, the eruption, or 
paroxysm, terminates, and the Geyser becomes quiet. 

574. Stones broken into fragments. — If stones are thrown 
into the pipe, or crater, during an eruption, they are 
instantly ejected ; and such is the explosive force of the 
steam, that masses of hard rock thrown in, are returned 
into the air, shivered into small fragments. Mr. Hender- 
son, late a resident in Iceland, and well acquainted with 
these phenomena, states, that by throwing stones into the 
pipe of the Geyser, he could bring on an eniption in a few 
minutes, and that, in such cases, the fragments of stone, 
as well as the water, were thrown much higher than 
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UBUfil- When an eruption had been brought on in tbia 
manner, and the water had been ejected, the sieam con- 
tinued to rush up, with amazing force, attended by 8 
deafening roar, for nearly an hour ; but the Geyser, as if 
eachausted by this effort, did not give symptoms of a fre^h 
eruption when its usual interval had elapsed. 

575. Explanation of these phenomena, — In the difTereot 
explanations which 'have been offered, to account for 
phenomena so singular and asionishiog, and which have 
been no where else observed, most writers agree in sup- 
posing a subterranean cavity, where water and steam col- 
' lect, and where the free escape of the same is interrupted 
at intervals, or until it acquires sufficient force to overcome 
the reMstance occasioned by the pressure of the water. 
This will be readily understood by the annexed diagram, 
reduced from Mr. Lyell, and we may remark that the 
theory is the same with that of intermitting springs, only 
that the Geyser acts by steam, while the other is explained 
on the principles of the syphon. — See ike Author's Nat. 
Philosophy. 




In explaimng this cut, suppose water, percolating from 
the surface of the earth, or from springs below, finds its 
vay into the subterranean cavity t^, by the Gesunaff 
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while at the same time steam, of an extremely high tern- 
peiature, emanates from volcanic rocks into the same 
cavil J. through the fissures cc. A portion of the steam, 
in the first place, would be condensed into water ; but its 
temperature continuing to increase bj the latent heat of 
the steam, the lower part of the cavity would soon be filled 
with the boiling fluid, while the upper part would be filled 
by steam under considerable pressure. The steam^ con- 
tinuing to form, the water being now too hot to condense 
it, would soon, by its expansive force, drive the water op 
the pipe or fissure, e 6, whatever might be its height, and 
thus the basin at the surface would be filled, and an erup- 
tion take place. When the pressure is thus diminished, 
the steam in the upper part of the cavity a, would expand, 
or probably a portion of the boiling water, under dimin- 
ished pressure, would be instantly converted into steam, 
and the passage being free, would rush up the pipe in the 
same manner as is seen and heard on opening the safety 
valve of a steam-boiler. If the pipe be choked up artifi- 
cially with stones, even for a few minutes, a great increase 
of heat would be occasioned, since the steam would thus 
be prevented from escaping; so that the water would be 
made to boil in a few minutes, and thus an eruption would 
be brought on, as stated by Mr. Henderson. 

This explanation accoimts for all the phenomena 
observed in the Geysers ; and although we cannot be cer- 
tain of its truth, still there is every reason to believe that 
such a cavity exists, and it is certain that steam is the 
moving power. — LvelVs P, vol. iL p. 465. 



CHAPTER XXXVIII. 

DELTAS IN LAKES AND THE SEA. 

CoNSTOERABLE changes have taken place by causes now 
going on, in consequence of the deposition of earthy mat- 
ter at the mouths of rivers, where they enter lakes or seas. 
We have already given an account of the accumulation 
of land along the shores of the Adriatic, in consequence, 
chiefly, of depositions from the river Po. The quantity ''^ 
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matter thus carried down bj different rivers, of similar 
magnitudes, differs exceedingly; this difference depending 
much on the rapidity of the stream, and its liability to 
overflow its banks at certain seasons. 

576. Delta of the Lake of Geneva. — The Lake of Ge- 
neva is thirty-seven miles long, and from two to nine miles 
broad. The Rhone enters at one end of this lake, and the 
city of Geneva stands at the other. The water, where it 
discharges itself near the city, is exceedingly clear and 
transparent, but at the upper end it is commonly turbid, in 
consequence of the matter brought down by the Rhone. 

Mr. De la Beche, after numerous soundings, found that 
the depth of the water, in the middle of the lake, was from 
one hundred and twenty to one hundred and sixty fath- 
joms; but on approaching the mouth of the Rhone, the 
water began to grow shallower at the distance of a mile 
and three-quarters from that end of the lake. It may be 
Btated, therefore, that the strata annually produced by the 
liver are about two miles in length. From soundings, it 
has been ascertained that, in some places, the deposits 
from the Rhone are probably from six to nine hundred feet 
in thickness ; and from the remains of some Roman build- 
ings on the border of the lake, Mr. Lyell judges that this 
accumulation has taken place within the last eight hun- 
dred years. "If," says he, "we could obtain the depth of 
this accumulation, formed in the last eight centuries, we 
should see a great series of strata, probably from six to 
nine hundred feet thick, and nearly two miles in length, 
inclined at a very slight angle." 

Mr. Lyell proposes a plan for estimating the time when 
the Lake of Greneva, or the Leman lake, will become dry 
land, by the accumulations from the Rhone. 

The capacity of the lake being obtained, "it would," 
says he, " be an interesting subject of inquiry, to determine 
in what number of years the Leman lake would be con- 
verted to dry land. It would not be difficult to obtain the 
elements for such a calculation, so as to approximate at 
least to the quantity of time required for the accomplish- 
ment of this result. The number of cubic feet of water 
annually discharged by the river into the lake being 
known, experiments might be made in winter and sum- 
mer to determine the proportion of matter held in suspen- 
sion, or in chemical solution, by the Rhone." 
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Such calculations, however, after all the data that could 
be obtained, would be exceedingly uncertain ; and since the 
elements proposed by the author have not been obtained, 
we do not extract his speculations on this subject. 

577. Rate of formation. — But were it ascertained, ex- 
actly, how much alluvial matter is carried down by the 
Rhone at the present day, still, this would decide nothing 
definitely with respect to the time during which this ac- 
cumulation has been forming. According to Mr. Lyell's 
supposition, above cited, a part of the delta has formed at 
the rate of about a foot in a year; namely, from six to nine 
hundred feet in eight hundred years. Now, allowing that 
the Rhone has, on an average, deposited a foot of matt^ 
a year in the lake, and has continued to do so ever since 
the deluge, then the accumulation ought to be at least 
four thousand feet thick, which would long ago hare 
filled up the Leman lake, and made it solid ground. The 
phenomena of this lake, therefore, clearly shows, that 
either it has not received the Rhone for so many years; 
or, if so, that its waters contained less solid matter an- 
ciently, than at present. In either case, it is quite certain 
that no argument can be derived from the present condi- 
tion of this delta, in favor of the high antiquity of the 
present form of the earth. But, on the contrary, if any 
conclusions can be drawn from this source, they are in 
direct coincidence with the idea that the present order of 
things are of recent origin, and therefore in confirmation 
of the truth of the sacred history of the deluge. 

578. Accumulations in the Baltic. — The question 
whether the waters of the Baltic sea have been sinking, 
or whether they have remained stationary, and the land 
has risen, has been a subject of controversy among philoso- 
phers, during more than half a century. Celsius, a Swe- 
dish astronomer, long since attempted to prove that the 
waters of this sea had suffered a depression, at the rate of 
about 45 inches in a century, from the earliest times. He 
contended that the proof of this change rested, not only 
on modem observation, but also on the authority of the 
ancient geographers, who state that Scandinavia, now a 
peninsula, was formerly an island. In mofe modem times, 
he also claimed that places, which once were sea-ports, 
were now at considerable distances from the water ; and 
that rocks which were formerly covered by the water, 
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were now naked, and even some of them were eight feet 
nigh, though 150 years ago they were submerged. 

579. Objections to this theory. — On the contrary, the 
objectors to Celsius' theory contended that all the facts 
bAX)ught forward to prove the sinking of the water, could 
be explained and accounted for on other principles. They 
claimed that accumulations of earth, by the sediment from 
rivers, or the action of currents, sufficiently explained the 
reason why some places, once sea-ports, are now at a dis- 
tance from the water; the land at these localities had 
extended into the sea, while the level of the water had 
not changed. And, with respect to the rocks at a dis- 
tance from the shore, it was shown that this island con- 
sisted of sand and drifted stones, and that during great 
tempests in the winter, not only more sand, but large rocks 
were thrown upon it by the ice, and there remained. It 
was thus contended that these rocks had risen, while the 
water remained stationary. 

580. Action of the Swedish government on this subject. — 
This subject being of great interest to the country in the 
region of the Baltic, the Swedish government directed ex- 
periments to be made, by cutting grooves in stationary 
rocks on a calm day, on the exact level of the water, so 
that, if possible, this long and exciting controversy might 
be in a train of accurate decision. In 1820-21, all the 
marks made before those years were examined by the offi- 
cers of the pilotage establishment of Sweden; and in their 
report to the Royal Academy of Stockholm, they declared 
that, on comparing the level of the sea at the time of their 
observations, with that indicated by the ancient marks, 
they found that the water was comparatively lower than 
formerly, at certain places, but that the amount of change, 
during equal periods of time, was not the same. During 
this survey, they cut new marks for the guidance of future 
observers. 

581. Mr. LyeWs observations in 1834. — Mr. Lyell states, 
that fourteen years after the marks of 1821 were cut, he 
had an opportunity, by a visit to that country, to examine 
this subject in person, and the following is a summary of 
his observations: 

" In that interval, the land appeared to me to have risen, 
at certain places north of Stockholm, about five inches. 
I also convinced myself, during my visit to Stockholm,' 
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after conTening' with many civil engiDeos, pilots, and fish- 
ennen. and after examining some of the ancient marks, that 
the evidence formerly adduced in favor of the change of 
leveL both on the coasts of Sweden and Finland, was fiill 
and satisfactory." 

53*2. Amount of change diminishes towards the south.-^ 
The sinking of the level evidently diminishes as we proceed 
from the northern parts of the gulf of Bothnia, towards 
the south, being very shght around Stockholm. Some 
writers have, indeed, represented the rate of depression, at 
that city, as very considerable, because certain houses, 
which are built on piles, have sunk down within the mem- 
ory of persons still h\4ng, so as to be out of perpendicular, 
and thiis in consequence of the tops of the {hIcs decaying, 
and giving way, where they are exposed to the action both 
of the air and the water. 

583. Ao tides in the Baltic sea. — To the inquiry, whether 
a variation of level in the Baltic, amoimting to only a foot 
or two, can be clearly determined, it is replied, that except 
near the Cattegat, there are no tides in that sea ; and that 
it is only when particular winds have prevailed for several 
days in succession, or at certain seasons of the year, when 
there has been an unusually abundant influx of river watet 
or when these causes have combined, that the Baltic is 
made to rise two or three feet above its standard level 
The fluctuations due to these causes, are nearly the same 
from year to year; so that the pilots and fishermen beheve, 
and apparently with reason, that they can mark a devia-^ 
tion, even of a few inches, from the ordinary or mean 
height of the waters ; and by such marks it is proved that 
the waters have gradually retired. 

584. Has the land risen, or the toaters suffered a reces* 
sion ? — It appears, therefore, that the original theory of 
Celsius, that the waters of the Baltic have suffer^ a 
gradual depression, is no longer doubted ; but whether frMn 
the rising of the land, or the retiring of the sea, is the next 
question. That the former has been the case, there can 
be no doubt; since unconfined water will, in all cases, 
seek its own level ; the Baltic, therefore, having an outlet 
into the ocean, could suffer no permanent depression with- 
out a general diminution of the waters of the former. 
The retiring of its waters, consequently, is a sufficient proof 
of the rising of the land. 
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585. To what extent^ in northern Europe^ has the land 
risen ? — ^It seems probable^ from the facts and observations 
stated, that this gradual upward motion of the earth ex- 
tends, from Gotlenburg, to Tomeo, and from thence to the 
North Cape, the rate of elevation always increasing to- 
wards the north. The two extremities of this line, are 
more than a thoussmd geographical miles distsmt from 
each other; and as both terminate in the ocean, we know 
iiot how much further the same effect has been produced 
under the water. As to the breadth of this elevated tract, 
there is httle certainty, though it probably extends to con- 
siderable distances on each side of the gulf of Bothnia, 
and perhaps far into the interior both of Sweden and 
Finland. 

; 586. How long has this elevation been going on? — It ap- 
pears that this elevation of the land commenced at a very 
early period ; for, from the evidence of marine shells, which 
are found in Norway, to the height of 400 feet above the 
piesent level of the Baltic; and at Uddevalla, several 
hundred miles to the south, at the elevation of 200 feet, 
above the same level, it seems to be proved that all this 
ve^on of country was once covered by the sea, and con- 
sequently, that this gradual rising has now amounted to 
at least from 200 to 400 feet. Now, by calculations made 
on data, furnished by the recession of the water from build- 
ings, and, more recently, by marks made in mural rocks 
along the shores, it appears that the elevation has been 
at the rate of about four feet in a century, which 4 feet, mul- 
tiplied by 5,000 years, is equal to 200 feet. It would seem, 
therefore, from these calculations, that at the present esti- 
mated rate, the elevation began at least 5,000 years from 
the present time. But it is quite obvious, that httle reli- 
ance, with respect to time, can be made on these esti- 
mates ; since, for aught that can now be known, the rising, 
anciently, might have been much more rapid than at pres- 
ent; and even the principal elevation might have been in 
a single hour. — Lyell^ vol. ii. p. 404. 

587. Cause of this elevation. — In no instance has a sim- 
ilar phenomenon been known to geologists. Local eleva- 
tions of the land, as well as the sinking of certain confined 
tracts, have often taken place, as we have already shown 
under the head " Earthquakes." But a gradual rising of 
the earth, embracing whole kingdoms, and that so slowly 
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as for centuries to be unknown to its inhabitants, and that 
too in a region where volcanoes do not exist, and where 
even earthquakes are unknown, is a wonder in geology, 
not easily explained. In the present state of knowledge, 
this phenomenon can only be attributed to some change 
in the state of that mass of igneous matter, which 
imdoubtedly exists every where under the crust of the 
earth. 

588. Delta of the Rhone in the sea. — We have seen that 
the Rhone deposits large quantities of sediment in the 
lake of Geneva, and have noticed with what crystaline 
transparency the waters of that lake are discharged to 
continue the same river towards the sea. But, says Mr. 
Lyell, " scarcely has the river passed out of the Leman 
lake, before its pure waters are again filled with sand and 
sediment by the impetuous Arve, descending from the 
highest Alps, and bearing along in its current the granitic 
detritus [broken rocks] annually carried down by the gla- 
ciers of Mont Blanc." The Rhone, also, afterwards 
receives vast contributions of transported matter from the 
Alps of Dauphiny, and the primary and volcanic moun- 
tains of central France, so that when it reaches the Medi- 
terranean, it discolors the waters of the sea to the distance 
of many leagues. 

The advance of the delta of the Rhone into the sea, is 
proved by many circumstances, and particularly by the 
facts that an island described by Pomponius Mela, an an- 
cient Latin geographer, is now far inland, and that a loca- 
tion which was a harbor in 898, is now three miles from 
the shore. It is also known that Psamodi, which was an 
island in 815, is at the present time six miles from the sea. 

As the Rhone enters the sea by several mouths, at con- 
siderable distances from each other, a large tract of 
country is brought within its influence ; and thus, besides 
extending the land along the shore, marshes of great ex- 
lent have, during the lapse of ages, been filled up by its 
annual deposits. 

589. Solid rock from carbonate of lime. — In the course of 
this river it receives the waters of a vast number of springs 
containing carbonate of lime in solution, and which, mixing 
with the waters of the Rhone, is not deposited until it 
reaches the sea. Hence, the delta of this river, instead 
of consisting of loose incoherent sediment, like the depos- 
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iU'from inoet other rivers, consists chiefly of solid rack 
the carbonate of lime acting as a cement to the sediment, 
when this exists, or, in its absence, forming limestone, 
nearly pure. This is a well-ascertained fact ; for large 
masses of this rock are quarried for various purposes, and 
are foimd to consist of sand consolidated by a calcareous 
cement, and mixed with broken shells. After the sand 
hsu3 been deposited, the waters still hold a portion of the 
carbonate in solution, which is thrown down in a purer 
state, and even sometimes in the form of crystaline masses. 
As an example, there exists a cannon in the museum of 
MonipeUer, taken up from near the mouth of this river, im- 
bedded in crystaline limestone. 

■■ Thus, we see that sohd limestone is now constantly 
forming, in which are imbedded shells, as in the ancient 
marbles, which some geologists have contended were 
thousands of years older than the creation, according to 
Moses. This circumstance is important, and will be ad- 
verted to in another place. 

. 590. Marine and fresh-water shells.-^la a late survey of 
the coast of the Meaiterranean, the ships employed at the 
mouth of the Rhone were obliged to quit their moorings 
when the wind blew strongly from the south-west. Cap- 
tain Smith, one of the officers on this service, states, that 
when the ships returned after such a wind, the new sand- 
tehks in the delta were covered with a great abundance 
of marine shells, which were swept there by the cun*ent 
caused by the wind. The circumstance appears to ex- 
plain phenomena of some importance in geology. In some 
ancient strata it has been claimed that marine and fresh- 
water shells alternate with each other, and hence it has 
been supposed that, at least in such places, the sea had re- 
tired for a time, while fresh water occupied its place ; after 
which, the sea again resumed its former bed ; and so al- 
ternately, as often as the different kinds of shells were 
repeated. But it appears, from the above statement, that 
the explanation of such appearances is very simple, and 
that it is unnecessary to beheve that the ordinary course 
of natiu-e was changed, in order to produce such effects: 
far, at the mouth of the Rhone, a strong south-west wind 
only is required, to occasionally mix the shells of the sea 
with those which are brought down by the fresh water, or 
which live in its current. 

29 
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591. Delta of the Ganges. — The Ganges and the Bm^ 
raiapooter descend from Himmalaya mountains, the most 
lofty on the globe. The latter river may be considered as 
a branch of the former, and falls into it long before their 
united waters reach the sea. The Ganges is discharged 
into the bay of Bengal, which forms a vast indenture into 
the continent, of more than two hundred miles in length. 
The delta of the Ganges commences more than 200 
miles from the bay of Bengal, in a direct line, and 300, if 
the distance be estimated along the windings of the riyer. 
That part of the delta which borders on the sea, is divided 
by a vast number of rivers, or creeks, all of which are 
salt, except those which communicate with the principal 
arms of the Ganges. This tract is fEonous under the 
name of Sunderlunds, being the common haunt of tigers 
and alligators. Its extent, according to the account of 
Major Rennell, is equal to the whole principality of Wales. 
Its base, bordering on the sea, is about two hundred miles 
in length, and, on each side, it is inclosed by an arm of 
the Granges. Besides these, through which the water of 
this immense river is now discharged, there are six other 
great openings through the delta into the sea, each of 
which has evidently, at some ancient period, been the prin- 
cipal bed of the river. During the period of overflow, the 
greater part of this vast delta is covered with the water 
of the river, so that the Ganges appears to be flowing into 
a vast lake, instead of itself inundating and sweeping a 
whole territory of India. So great is the quantity of mud 
and sand carried down by this immense current, at such 
seasons, and so vast the quantity of water it discharges, 
that the ocean is discolored by it to the distance of sixty 
miles from its mouth. 

692. Islands formed and destroyed. — In various parts of 
this delta great accumulations, or islands, are formed in 
the course of a few years, and perhaps as soon swept away, 
and similar ones formed in other places. Some of these, 
which are islands during freshets. Major Rennell states, 
are equal in extent to the Isle of Wight, and thickly in- 
habited. The people are, however, always in danger of 
being swept away by floods of uncommon height. In 
1763 such an inundation happened, the water rising six 
feet above ordinary floods ; and consequently the inhabit- 
ants of one of these districts, of considerable extent, vers, 
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with their horses and cattle, totally ingulfed, and iieiished 
in the water. 

These examples of the effects of mnning water, in 
changing the surface of the globe, are sufficient for the 
purposes intended. In all parts of the world, such effects 
are constantly taking place, to a greater or less extent. 

The aggregate accumulation of solid ground, by the form- 
ation and extension of deltas on the surface of the whole 
earth, must be very considerable during every year ; and 
yet these ef^ts are hardly appreciable in relation to the 
changes they produce on the entire surface of the globe. 
It is true, that the course of navigation is in a few in- 
stances obstructed, or changed, by these accumulations ; 
but in general the same sea-ports, of which the earUest 
records of history give any account, are still accessible. 

593. These accumulations of recent origin. — Had these 
accumulations commenced at very remote periods, as some 
have contended, and continued to the present time, it is 
quite certain that many lakes now existing would have 
become dry land, and that the deltas of rivers falling into 
the sea, would have been far more extensive than we find 
they are. All the facts, therefore, which are connected 
with the effects of rivers in the formation of dry land, tend 
to show that the present form of the earth has not existed- 
more than a few thousand years, and that it has suffered 
no considerable changes from nmning streams, as one of 
the causes now in operation. 

QUANTITY OF SEDIMENT IN RIVER WATER. 

594. Having in the preceding pages given such an ac« 
count of the effects of rivers in forming sohd depositions, 
as our limits will allow, it is proper here to present the 
geological student with an account of the estimates and 
experiments, which have been made, to ascertain the 
quantity of solid matter water is capable of holding in 
suspension. 

It is proper, however, that we should also state, that 
few, if any of these estimates, can be considered as more 
than approximations to the truth ; still they are such as are 
quoted by the best writers, and are probably as accurate 
as any in existence at the present day. Major Rennell 
states that a glass of water, taken out of the Ganges dur 
ing the height of its annual flood, yields about one part ib 
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four of mud. " No wonder, then " sajs he, ** that the sub- 
siilinff waters should quickly form a stratimi of ecurth, or 
that Its delta should encroach upon the sea." The same 
writer, who resided many years in the vicinity of the Gan- 
ges, computed with great care the quantity of water which 
that river discharges into the sea, and which by his esti- 
mate amounted, during a year, on an average, to eighty 
thousand cubic feet for* every second of time. When the 
river is at its greatest height, during its annual inundation, 
and consequently its motion much accelerated, the quan- 
tity dischaiged per second, by the same estimate, was four 
hundred and five thousand cubic feet, 

595. Quantity of solid matter in the Ganges. — ^Mr. Lyell 
has made a computation of the quantity of solid matter 
carried down by the Ganges, taking as his data the ex- 
periment of Major Rennell, and his estimate of the quantity 
of water it discharges. " If it were true," says he, " that 
the Gbnges in the flood season contained one part in four 
of mud, we should then be obliged to suppose that theie 
passes down every four days a quantity of mud equal in 
volume to the water which is discharged in the course of 
a day, or twenty-four hours. If the mud be assumed to be 
equal to one half the specific gmvity of granite, (it how- 
ever is more,) the weight of matter daily carried down in 
the flood season would be about sixty times the weight of 
tiie great pyramid of Egypt. If the Ganges discharges 
405,000 cubic feet of water per second, which was the 
estimate of Major Rennell, then, in round numbers the 
quantity of mud discharged per second, would be 100,000 
cubic feet, which being multiplied by 86,400, the number 
of seconds in 24 hours, would give 8,640,000,000 cubic 
feet of mud going down the Ganges per day. The weight 
of this (allowing as above) would be equal to that of 
4,320,000,000 cubic feet of granite. Now, about twelve 
and a half cubic feet of granite weigh a ton, but throwing 
out the half, the matter discharged by the Ganges every 
day is 360,000,000 of tons. This is sixty times the 
vreight of the great pyramid of Egypt, which, if solid, is 
computed to weigh 6,000,000 of tons." 

596. Quantity of sediment in the Yellow river. — But. 
although the Ganges may be supposed to transport a much 
greater quantity of mud, even according to its size, than 
any other river, still there can be little doubt but Major 
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Rennell veiy far over-rated the quantity of solid matter its 
waters contained. The Rhine, when most flooded, has 
been computed to contain one part of mud in a hundied of 
water ; and Sir George Staunton, by several observations, 
calculated that the water of Yellow river, in China, con- 
tained earthy matter in the proportion of one part to two 
hundred. In this proportion he estimated that the waters 
of that river brought down 48,000,000 of cubic feet of 
soHd matter daily. 

597. Average quantity of sediment. — According to the 
calculations of Manfredi, the celebrated Italian hydrogra- 
pher, the average amount of sediment, in all the running 
streams on the globe, is one part in 175. . From such data, 
he estimates that it would take a thousand yedrs to raise 
the general bed of the sea a single foot, provided none of 
this sediment was thrown back again upon the shores. 

From what has been stated, the reader will observe that, 
although a considerable number of experiments have been 
made on this difficult subject, there remains much more to 
be done, before satisfactory results can be offered. It is, 
however, certain, that great quantities of solid matter are 
txansported by running streams ; and, with respect to lakes 
and ponds, there can be no doubt but they are gradually 
ffllingup; and that, if the same causes continue which we 
have described, all these bodies of water will finally be 
mplaeed by dry land. 

But there can be no possible estimate made of the time 
required for such an event, since the qucmtity of solid 
matter which streams transport, must be constantly de- 
creasing, in proportion as lakes and ponds approach the 
level of the country in which they are. In a. flat coimtry, 
therefore, a lake may remain for centuries without any 
appreciable elevation of its bottom. 

The great depth of some lakes at the present day, when 
these circumstances are considered, is a good proof of the 
newness of the present order of things on the earth, and 
consequently of the truth of the Mosaic history of its 
creation. 

598. The level of the sea has not changed. — With respect 
to the level of the sea, it has been ilhown that no change 
has taken place in the Baltic, and we may also state at 
this place, that it will be seen hereafter, that the remains 
of Roman buildings show that the Meditenanean sea has 

29* 
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not changed its level for the last 2,000 jean. We may 
therefore, conclude, that either the quantity of matter 
carried into the sea, has made no appreciable difference 
with its general level, or that as much solid matter is 
thrown on the land at one place, as is carried into it 
in another. 



CHAPTER XXXIX. 

DESTROYING EFFECTS OF THE SEA. 

999. Large rocks moved hy the waves. — M&. Ltell has 
adduced many instances of the power of sea-waves to 
move large masses of sohd rock. In the Shetland isles, 
this effect has been quite surprising. In 1818, during a 
storm, a mass of granite, 9 feet by 6, was thrown by the 
waves up a declivity, to the distance of 150 feet ; and, in 
the winter of 1802, a mass of rock, 8 feet by 7, and 5 feet 
thick, was moved to the distance of 90 feet, by the same 
force. 

The reader, who remembers the immense power which 
velocity gives a sea-wave, as above illustmted, will be at 
no loss to comprehend why the strongest ships are some- 
times reduced to fragments in a few minutes ; nor will he 
wonder at the destrojdng effects which a wide ocean must 
produce on a coast, which is not guarded by a strong 
barrier of solid rocks. 

600. Destruction of the milage of Mathers. — The village 
of Mathers, on the east coast of Scotland, was destroyed 
by an inroad of the sea, in 1795. This town was guarded 
by a barrier of limestone rock next the shore ; but during a 
storm, the waves of the ocean broke through this barrier, 
and in one night destroyed and swept away the whole 
village. The sea penetrated 150 yards inland, where it 
has maintained its ground ever sinco. 

601. Eastern coasts of England. — The eastern coasts 
of England are constantly suffering from the inroads of 
the sea. On the old maps of Yorkshire, many spots are 
marked as the sites of towns, which are now sand-banks 
in the ocean. A greater or less portion of the coasts <tf 
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Norfolk and Suffolk, are every year swallowed up by the 
sea. The town of Sherringham, on this coast, exhibits a 
melancholy proof of this fact. With respect to this town, 
Mr. Lyell states, that at one point there is now a depth of 
water, of 25 feet, (sufficient to float a frigate,) where, only 
48 years ago, there stood a cliff, 50 feet high, with houses 
ujton it. Further to the south, are chfls more than 200 
feet high, more or less of which are every year precipitated 
into the ocean, in consequence of being undermined by the 
waves. The whole site of the ancient town of Cromer, 
now forms a part of the bed of the Grerman ocean, the 
inhabitants having gradually pulled down their houses, 
and removed inland, as the sea encroached upon them ; 
and, from their present situation, they are in danger of 
being dislodged by the same cause. From this neighbor- 
hood, in the year 1822, a mass of earth and rocks was 
precipitated into the sea, to the extent of twelve acres, the 
clif!s being 250 feet high ; and on the same coast, three 
ancient villages, several manors, and large portions of a 
number of parishes, have, from the same cause, gradually 
disappeared, and been replaced by the ocean. 

Since the time of Edward the Confessor, eus appears by 
the records, the sea-coast town of Dunwich, has lost, in 
succession, a monastery at one time; at another, several 
chiux^hes ; at another, 400 houses ; and, subsequently, 
another church; the town hall and jail, together with 
many other buildings, all precipitated into the sea. 

These are given as specimens of the devastating effects 
of the sea in different parts of the world, and by which, 
it appears, that if, on the one hand, large tracts of coast 
are forming, and encroaching upon the ocean in one part of 
the world, as on the coasts of Italy, so, on the other 
hand, the sea is encroaching on the land in other parts, 
probably to an equal extent. 

602. On the coast of Holland. — ^In many instances, 
inundations from the sea have been the means of effecting 
not only great changes in the surface of the earth, in a 
short period of time, but also of destrojring vast numbers 
of human beings. On the coast of Holland, these disas- 
ters have been peculiarly destructive, as well as on the 
coast opposite. 

A considerable peninsula, which lay between Groningen 
and East Friesland, and was thickly inhabited, was partly 
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orerwhelmed in 1277, and a congidenble poftion of the 
land carried awaj, with many houses and inhabitants. 
During the fifteenth centuiy, other portions were destroyed 
by the same cause, and a part of the town of Forum, a 
place of considerable size, was swept awaj. In 1507, not 
only the remainder of Forum was ingulfed, in spite of the 
erection of dams, but also several market-towns, villages 
and monasteries, were entirely destroyed, together with 
their inhabitants. 

603. Formation of Northstrand — Further to the north, 
anciently, lay the district of North Friesland. This was 
a peninsula ; but in 1240, the sea destroyed the land next 
the coast, and thus formed an island, called Northstrand. 
This islsmd was originally of considerable extent, but the 
sea, from time to time, swept away small portions of it, 
imtil the inhabitants became so concentrated, that wh«i 
the island was only four geographical miles in circum- 
ference, their number was still 9,000. At last, on the 
night of the 1 1th of October, 1634, a flood from the sea 
swept over the whole island, and destroyed at once a great 
proportion of the inhabitants, all the houses, churches and 
cattle, canying away even the land that had sustained 
them. By this dreadful calamity, there was swept away 
1,300 houses, with all the churches, 50,000 head of cattle, 
and more than 6,000 people. 

We might continue these accoimts, with regard to the 
changes which have taken place on the same coasts, to 
great length ; but our design being chiefly to give exam- 
ples, rather than general details, we will here conclude 
this part of our subject. 



CHAPTER XL. 

FORMATION OF CORAL ISLANDS. 

604. It is but recently that any observations, tending to 
interest or inform the naturalist, have been made on the pro- 
duction of the Coral islands. But the great extent to which 
these islands have been formed, together with the rapidity 
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with which it IB said thejare increasing, gives the suliject 
a high deigree of interest, not only in respect to the geolo- 
^oal changes thus produced, but also with regard to the 
interests of commerce, which these changes are producing. 
For it is said that many straits and seas, especially in the 
Pacific ocean, which were formerly, and in the memory 
of man, safe for the passage of the largest ships, have now 
become dangerous, or even impassable, for vessels of a 
moderate size. 

605. Coral polypi^ or animalcules — In a popular view, the 
carol may be considered a calcareous structure, inhabited 
by liumerous small animals, or polypi, each coraline form 
possessing, or having been constructed by, its own peculiar 
species. 

These animalcules form the order Caraliferi, of the 
class Polypi, in Cuvier^s Animal Kingdom. They are 
a singular and very curious tribe of beings, many of 'v^hich 
are too minute to be seen without the microscope. 

The Coraliferi constitute that numerous suit6 of species 
wluch were formerly considered as marine plants; and of 
\irhich the individuals are, in fact, united in great numbers 
to constitute compound animals, mostly fixed hke plants, 
either forming a stem, or simple expansion, by means of 
a sohd internal substance. The individual animals are 
all connected by a common body, and are nourished in 
common, so that what is eaten by one, goes to the nourish- 
ment of the general body of all the other polypi — Cuvier 
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Coral polypi. 

606. Organization of the polypi. — K we examine the 
little patches of white calcareous matter, called flustra^ 
that may be seen on every sea- weed or shell, picked up on 
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the sea-shore, by means of a microscope, we shall find 
that these mere specks, now appearing like delicate lace- 
work, are, in truth, members of the animal kingdom. This 
flustra will be found full of little elevated ]K>res, Lign. 1 10, 
Fig. 1, each containing one or more animals, which, while 
under the water, will protrude many tentacnla, or feelers, 
having motion in all directions. Fig. 2. These animals 
belong to the same tribe, and are, in fact, members of the 
same family with the numerous species, by whose secre- 
tory powers, vast mountains of calcareous matter, in the 
forms of corals, are produced. ' 

The substances called corals^ are animal secretions, 
formed by the action of minute vessels, like the bones, 
hoofs, and nails of mammiferous animals, and without the 
design or knowledge of the polypi. {See p. 91.) 

There are a great number of species belonging to th» 
family, differing in size and form, all of them small, but 
some of them sufficiently large to be seen and examined 
by the naked eye. 

607. Red Coral, ( Coralliutn rubrum.) — This is adiflferent 
genus from those which form the coarse white kinds. The 
red coral is a branched zoophyte, somewhat resembling, in 
mirfiature, a tree deprived of its leaves and twigs. It seldom 
exceeds one foot in height, and is attached to the rocks by 
a broad expansion. It consists of a brilliant red, stony 
axis, invested with a fleshy, or gelatinous substance, of a 
pale blue color, which is studded over with stellate polypi 
This species, it is well known, is so dense and compact, 
as to bear a high polish, and when prepared, is highly 
esteemed as a female ornament. It is obtained by dredg- 
ing, in different parts of the Mediterranean and the Eastem 
seas. It varies much in the hue of its colors, according 
to its depth in the sea; in shallow water, it is of a deep 
and beautiful red, a free admission of light appearing neces- 
sary to produce the deepest tinge. It is of slow growth, 
eight or ten years being necessary for it to reach full matu- 
rity. It then ceases to grow, and is soon attacked by 
insects, which pierce it in all directions ; when it becomes 
detached from the rock, and is thrown on shore, where it 
soon fades, and is reduced to fragments. 

608. Appearance of living corals. — In some oceans, near 
the shore, the eye perceives nothing but a bright sandy 
plain at the bottom, extending perhaps hundreds of miles. 



rORlCATION OF COKAL KLANM. 847 

fiiit in the Red sea, the whole bed of this extensive basin 
of water, is absolutely a forest of submarine plants and 
corals. Here are sponges, gorgonias, madrepores, and 
other polyparia, with flags, fuci, and other marine vegeta- 
tion,covering every part of the bottom, and presenting the 
spectacle of a submarine garden, of exquisite verdure, en- 
amelled with animal forms, resembling, and even surpsLSS- 
ing, in splendid and gorgeous coloring, the most celebrated 
parterres of the East. — Wonders of Geology. 

Ehrenberg, the Grerman naturalist, whose labors have 
80 greatly aidvanced our knowledge of the infusoria, was 
80 struck with the magnificent spectacle presented by the 
living corals in this sea, that he exclaimed with enthusi- 
asm, ^ Where is the pamdise of flowers that can rival tlie 
living wonders of the ocean !" 

609. Coral reef of Loo Choo. — Capt. Basil Hall gives 
the following graphic description of a coral reef nesur the 

^ island of Loo Choo, on the coast of China: 

^ When the tide has left the rock for some time dry, it 
i^pears to be a compact mass, exceedingly hard and rag- 
ged ; but as the water rises, and the waves begin to wash 
over it, the poljq^i protrude themselves from holes, which 
were before invisible. The animals are of a great variety 
of shapes and sizes, and in such prodigious numbers, that 
in a short time the whole surface of the rock appears to 
be alive, and in motion. The most common form is that 
of a star, with arms, or tentacula^ which are moved about 
with a rapid motion, in all directions, probably to catch 
food. Others are so sluggish, that they may be mistaken 
for pieces of the rock, and are generally of a dark color. 
Where the coral is broken about high-water mark, it is a 
sohd, hard stone ; but if any part of it be detached at a 
spot which the tide reaches every day, it is found to be full 
of polypi, of different lengths and colors ; some being as fine 
as a thread, sometimes of a bright yellow, and then again 
of a blue color. The growth of the coral appears to cease 
when the worm is no longer washed by the sea. Thus, 
a reef rises in the form of a cauliflower, till the top has 
gained the level of the highest tides, above which the 
animalcules have no power to advance, and the reef, of 
course, no longer extends upwards." 

610. Formation OF Coral islands. — From the naviga- 
ton Kotzebue, Flind«Q8y M M. Gluoi, and Gaimatd, who 
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have each written an account of those islands in the Pa 
cific ocean, the following summary has been made: 

The coral banks are every where seen, in different 
stages of progress ; some are become islands, but are not 
yet habitable; others are above high-water mark, but des- 
titute of vegetation; while many are overflowed with 
every returning tide. When the polypi of the corals at 
the bottom of the ocean cease to live, their skeletons still 
adhere to each other ; and the interstices being gradually 
filled up with sand and broken pieces of corals and shells, 
washed in by the sea, a mass of rock is at length fonned. 
Future races of these animalcules spread out, and extend 
the soUd matter on all sides, having, in their turn, incxeaadl 
and elevated this wonderful monument of their ezisteiMML 

611. Reefs usually of a circular form. — The rsefil wMdk 
have been raised above the level of the sea, are always 
observed to be of a circular, or oval form, often surhxmddd 
by a deep, and sometimes an unfathomable ocean. In the 
center of each of these, is generally a shallow lagobn, or 
basin, the rim of which being above the waves, the water 
within is still ; and in this, it is said, the smaller and more 
delicate species of poljrpi, find a tranquil abode, and there 
continue their work ; while the stronger tribes Uve on the 
out'^r margin of the rim, where the waves dash over them. 
When the reef is dry, at low water, the animals cease to 
increase ; and there is seen a mass of solid stone, composed 
of shells, echini, and sand, with fragments of coral, ce- 
mented together by calcareous matter, forming a durable 
barrier against the fury of the waves. Fragments of coral 
rocks are then thrown up by the water, which, when dry, 
fall in pieces by the heat of the sun, and remain on the 
reef in the form of sand. The island is now above the 
reach of the water, except during storms, when the waves 
are uncommonly high ; and at such times, there is usually 
an increase of the elevation, by the deposition of coarse 
materials. 

612. Growth of vegetables on the island. — The island 
thus formed, being above the water, is now supposed to be 
undisturbed by its waves, and offers to the seeds of the 
cocoanut, and other tropical plants, floating on the water, 
a soil, in which they take root, and rapidly increase. 
These, as they decay, together with sea-weeds, and per- 
haps floatinjT trees cast upon the island, form a vegeti^le 



aoil, wfaich is cooBtantly increasing by the deoar of ita 
(Fwn products; and thus, in process of time, a residenc« ii 
fiamid both for man and beast. 




Such an island, vith its lagoon in the centre, Bnrroondea 
by trees, is represented by Lign. III. 

In this manner, to all appearaoce, the Polynesian Ar- 
chipelago has been formed. The foundations of the 
islands are probably the cones, or craters, of submarine 
Tolcanoes. 

613. Extent of coral reefs. — The grand scale on which 
these minute beings are effecting changes in various parts 
of the world, may be imagined from the facts stated by 
navigators, that in the Indian ocean, to the north of Mala- 
bar, there is a chain of coral reefs, nearly 500 geograph 
icai miles in length ; on the coast of New Holland, is an 
unbroken line of the same, nearly 400 miles long ; and 
that between this and New Guinea, another coral forma- 
tion exists, 700 miles in extent. Besides these, the Disap- 
pointment island, and Duff's group, are connected by coral 
reefs, 600 miles long, and over which the natives can travel 
from one island to the other. 

614. Elevation of coral islands. — Many of these islands 
are only a few feet above high-water mark; but it is 
Kf^Mnnt that the roodo of ftnnwtion, already described 
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would require long periods of time, to elevate them to anj 
considerable height. Indeed, it is hardly probable thai 
parts near the shores would ever acquire any additional 
elevation by ordinary means, since occasional high tides 
would carry away the vegetable matter deposited there. 
But as some of these islands are far above the level of the 
sea, we must look for some other causes of elevation be- 
sides the waters of the ocean and the decay of vegeta- 
tion. Tongabatoo is ten feet above high water, at the 
water's edge ; and even this is higher than can be ac- 
counted for, from the causes described. But this is a 
slight elevation, when compared with some others ; for one 
of the Tonga islands, though entirely formed of coral, is, 
in some parts, more than 300 feet high. It it haral^ 
necessary to remark that this elevation cannot be to- 
counted for by the formation of soil, nor the sinking of the 
ocean; since, in the latter case, all the other islands in 
the vicinity, would be found at a. similar height; and 
besides, it is well known that the level of the sea has not 
materially changed during the last 2,000 years. We 
must, therefore, attribute the elevation of these islands to 
volcanic causes, acting beneath them. One of these 
islands, indeed; contains a volcano always in action. 



PART VI. 

OBOLOGICAL MISCELLANT 

» 

CHAPTER XLI. 

THE DELUOE. 

615. Epoch of the Deluge. — The period of the general 
deluge, the circumstances of which are contained in the 
sacred Scriptures, is fixed bj chronological writers at the 
jear 1656 after the creation, corresponding to the year 
:2,348 before the Christian era. These two make the 
period of the creation, 4,004 years B. C. According to 
BUnr's Chronology, on the 10th day of the second month, 
which was on Sunday, Nov. 30th, B. C. 2,347, God com- 
manded Noah and his family to enter the ark ; and on the 
next Sunday, Dec. 7th, it began to min, and continued to 
rain 40 days ; after which, the deluge prevailed 110 days, 
making its continuance 150 days from the beginning. On 
Wednesday, May 6, 2,348 B. C., the ark rested on Mount 
Ararat. The tops of the' mountains became visible on 
Sunday, July 19th, and on Friday, Nov. 18th, Noah, and 
all they that were with him, went forth from the ark. 

Without reference to the sacred Scriptures, we never 
could have known the time when this great flood hap- 
pened, though the fact itself is still capable of the strong- 
est proof, from the geological indications existing on the 
earth's surface. 

616. Cuvier^s opinion. — Baron Cuvier, after having spent 
a great portion of a long life in investigating the natural 
history of the globe, and its geological phenomena, comes 
to the following conclusions on the subject of the universal 
deluge : " I concur," says he, " with the opinions of M. M. 
De Luc and Dolimieu, that, if there be any thing deter- 
mined in geology, it is, that the surface of our globe has 
been subject to a vast and sudden revolution, not longer 
ago than five or six thousand years ; that this revolution 
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has buried, and caused to disappear, the country formerly 
inhabited by man, and the species of animals now most 
known ; that, on the contrary, it has left the bottom of the 
former sea dry, and has formed on it the countries now in- 
habited ; that since this revolution, those few individuals 
whom it spared, have propagated, and spread over the 
lands newly left dry; and consequently, it is only since this 
epoch, that our societies have assumed a progressive 
march; have formed establishments, raised monuments, 
and combined scientific systems." — Rev. Glohe, 180. 

617. Present indication of the Deluge. — The effects of 
this grand cataclysm are still to be traced in every country, 
and in nearly every district, to this day. Vast accimiu- 
lations of rounded, or water-worn pebbles, huge blocks of 
ffranite, and immense beds of sand and gravel, are found 
m places where no causes, now in operation, or any which 
have happened since the era of profane history, could have 
placed them; and still, that these materials have been 
moved, is evident from the circumstances, or the places 
where they are now found. 

618. Dr. Buckland's opinion. — ^^In the whole course of 
my geological travels," says Rev. Dr. Buckland, " from 
Cornwall to Caithness, from Calais to the Carpathians ; 
in Ireland, in Italy, I have scarcely ever gone a mile with- 
out finding a perpetual succession of deposits of gravel, 
sand, or loam, in situations that cannot be referred to the 
action of modern torrents, rivers, or lakes, or any other ex- 
isting causes. And with respect to the still more striking 
diluvial phenomena of drifted masses of rock, the greater 
part of the northern hemisphere, from Moscow to the Mis- 
sissippi, is described by various geological travelers, as 
strewed on its hills, as well as its valley^, with blocks of 
granite, and other rocks of enormous magnitude, which 
have been drifted, mostly in the direction from north to 
south^ a distance, sometimes, of many himdred miles from 
their native beds, across mountains, valleys, lakes, and 
seas, by a force of water, which must have possessed a 
velocity to which nothing that occurs in the actual state 
of the globe, affords the slightest parallel." 

How it is known that rocks have been transported. — If it 
be inquired, how it can be ascertained that blocks of 
granite, or other boulders, have been trans{)oned from a 
distance, and that they do not belong to disrupted mouii 
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tains in the vicinity of the places where thej are found , 
it is answered that there is a peculiarity in the texture^ 
color, or appearance of the rocks composing every forma- 
tion, or range of mountains, by which the eye of an ex- 
perienced mineralogist can distinguish one from the other. 
As examples, the calcareous rock of Gibraltar, and the 
iron ore of Elba, specimens of which are in every collec- 
tion, are readily known, even by the most common observer, 
from all other minerals. With the eye of the mineralo- 
gist, and the analysis of the chemist, therefore, no diffi- 
culty occurs in identifjdng, with certainty, any specimen, 
with the rock to which it belonged. 

6 19. Glaci€d Theory. — It is, however, proper to state here, 
in respect to the transportation of rocks, across " valleys, 
lakes, and seas," as above described by Dr. Buckland, that 
since that was written, geology has made great advances, 
and that the theory of the glaciers will much more satis- 
factorily account for the transfer of boulders across valleys, 
in some situations, than the former diluvial theory. The 
glacial theory, however, does not at all interfere with the 
diluvial, in accounting for the mounds of sand, stones, 
and earth accumulated in level countries. Those spoon- 
shaped hills, composed of sand and gravel, and rising to 
the height of 50 or 100 feet, with valleys between them, 
running nearly north and south, as seen in various parts of 
our country, and especially in Massachusetts and Con- 
necticut, are most clearly the effects of an ancient current 
of water, running from the north-east towards the south- 
west. Whoever will notice the perfect conformity of such 
gentle hills, or mounds and valleys, as they occur almost 
every where between the higher lands and plains made by 
rivers in New-England, cannot but be struck with the 
truth of the diluvial theory ; for, on no other supposition 
than that of a vast body of water, passing with great 
velocity over the country, can these appearances be ac- 
counted for. 

620. The glacial, or ice theory, voill not account far such 
appearances. — The glacial theory (to be explained) ac- 
counts very satisfactorily for accumulations of angular 
rocks existing in valleys, especially in the neighborhood 
of high mountains, forming what are termed moraines. 
These accumulations, it is true, often contain sand and 
.gravel, with the fragments of rocks ; but elevations formed 

30* 
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by fuch materials, difSsr entirely, in appearance, from the 
smooth, rounded, spoon-Uke forms which are attributable to 
diluvial causes. 

621. Power of water to transport^ rocks. — In estimating 
the power of water to transport solid matter, it must not 
be forgotten that a solid, when immersed in a fluid, becomes 
lighter by the weight of the fluid which it displaces, and 
that the soUd displaces its own bulk of the fluid; — {See 
552.) 

622. De la Beche on Diluvial action. — Mr. De la Beche, 
in his ^ Geological Manual," under the head of Erratic 
Block Group, remarks : " that the form of the valleys in 
Plymouth are gentle and rounded, and such as no com- 
phcation of meteoric causes, that ingenuity can imagine, 
seems capable of producing ; that numerous valleys occur 
on the line of the faults ; and that the detritus (broken 
rocks) is dispersed in a way that cannot be accounted for 
by the present action of mere atmospheric waters. I will 
more particularly remark, that on great Haldon hill, about 
900 feet above the sea, pieces of rock, which must have 
been derived from levels not greater than 700 or 800 feet, 
and even less, occur in the superficial gravel. They cer- 
tainly are rare, but may be discovered by diligent search. 
I there found {ueces Of red sandstone, porphyry, and a 
compact silicious rock, not uncommon in the gray wake of 
the vicinity, where all the rocks occur at a lower level 
than the summit of Haldon hill, and where certainly they 
could not have been carried by rains, or rivers, unless the 
latter be supposed to delight in running up hill." 

623. Similar phenomena occur in this country. — In this 
country similar phenomena, almost every where, present 
themselves to the eye of the geologist. Beds of pebbles 
and stones, of various sizes, including boulders weighing 
many tons, with their angles shghtly abraded, all of them 
evidently transported, often from places unknown, are found 
partly buried in the earth, in places where no causes now 
in operation could possibly have placed them. Such evi- 
dences of an ancient flood, are to be seen in nearly every 
part of our country, and especially in the Eastern states. 

624. Boulders in East Lyme. — In some instances, these 
transported blocks of granite are of great size. In East 
Lyme, Ct., near the road leading from New London to 
Saybrook, at a location called Keeney's hill, there is a 
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hug« boalder of granite, weighing nearly 400 tons. Any 
penon, after a moment'e reflection, would conclude that 
this rock must have been transported from some other 
place ; for ite present situation is on an open field, near the 
summit of a considerable hill, there being no other rocks, 
of any kind, on the surface in the vicinity. On examin- 
ing tbe neig-hborhood, however, the inquirer will soon find 
Ihat it came from a granite hill, of small elevation, situated 
at the north-east of its present position, at the distance of 
•bout two miles, where other rocks remain, of the samn 
textnre and appearance. 
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625. Roeking-stone at East Lyme. — On the oppositt 
hilL a mile from this boulder, ties another, perched on the 
bighest summit of a granitic crest, and serving as a land- 
mark, for many miles, in alt directions. This is within 
too rods of tide-water, and several of its fellows appear 
to have fallen down the side of the steep hill, in that 
direction. This is, also, of granite ; and, resting only on a 
few inches of its base, on a rounded granitic foundation, 
it requires no great force to set it in motion. Its weight 
is between 30 and 40 tons, and its form and appearance is 
represented by Lign. 112. 

626. Inference.— In the above instances, which are 
only cited as examples of hundreds of others of the same 
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character, to be found almost eveiy where, in uneven 
districts of country, no ingenuity, we think, can suggest 
the means by which they were moved to their present 
situations, except that of an overwhelming, deep, and 
rapid current of water ; and, as indicated by the largest 
boulder, this stream m\ist have run from the north-east 
towards the south-west. The theory that they were 
transported by a glacier, can have no foundation in truth ; 
since this would involve the supposition, that a mountain, 
higher than the place where the erratic rocks are found, 
is somewhere in the neighborhood ; while, in the present 
case, these rocks are situated, one of them, at least, on the 
most elevated hills in the vicinity. 

627. Diluvial vaUey between these rocks. — That the 
valley between these boulders was formed by the action 
of water, at some remote period, no one^ it is believed, 
could doubt, after having examined this locality. The 
two hills on which they rest, axe of solid granite, about 
one mile apart, and from 75 to 100 feet high. The crests 
of these have been denuded, leaving the naked rocks, at 
various points, above the present eaith. . The earth 
appears to have been swept from the north! tpwards the 
south ; but being interrupted by the proj^ctiiijif rocks, has 
formed ridges, or gentle slopes towards the north ; but the 
water, pouring over the Bouthera declivities, has removed 
the loose materials from their bases,- thus leaving steep 
precipices in that directiort A miniatme iiocut^tion of this 
principle may be seen, by casting a pebble into a running 
stream, and stirring the sand above it, when it will be 
found that a hill will be formed above the pebble, extend- 
ing up stream, and ending even with the upper surface of 
the stone, while below it, there will remain a little preci- 
pice down to the base of the pebble, the water having 
carried away the sand in that direction. If two pebbles 
be thrown in, two little hills, with mural precipices, and a 
valley between them, will be the result. 

But, to return to the case we have thus attempted to 
illustrate : the valley between the two hills contains no 
granitic barrier, by which the moving sand and rocks were 
interrupted, as the water containing them moved along, 
and thus the loose materials were. scooped out, and trans- 
ported into the sea, which is not far distant. This is only 
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ofiered as an illustration, or example of phenomena, to be 
seen almost every where. 

628. Inferences. — ^Now, as all geolo^sts agree that the 
present surface of the earth has been greatly, and very 
materially changed, by the influence of water, at some 
unknown, and apparently remote period ; and as the 
Mosaic history furnishes us with a circumstantial account 
of a general deluge, which probably swept over a large 
portion, if not the whole earth, it is, we cannot but con- 
clude, a fair inference, that this was the means by which 
siich changes were {uroduced. It is true, as some writeis 
have stated, as an objection to a general deluge, that 
though the bones of many animals have been discovered, 
whose destruction has been attributed to that catastrophe, 
jet. no examples of himian beings have been found with 
Ihem, or, indeed, in any situations which could be satisfac- 
torily traced to the deluge, as the cause of their destruc- 
tion. We have no doubt but the bones of animals, found 
in stratified rocks, were more ancient than the Noachian 
deluge, and that they hved and died,- long before the 
creation of mem. But that the remains of such human 
beings as were destroyed by that cataclysm, should not 
have been discovered, is certainly no more extraordinary, 
than that we should not find a single vestige of the 
miUions who have perished in the sea, from the period of 
the naval actions of the Romans, and of other ancient 
nations, down to the present time. If it is agreed that all 
the people of the eeurth, except a single family, were swept 
into the sea, or otherwise perished in the water, we 
cannot suppose that their numbers, at that period, amount- 
ed to a hundredth part of the number which have since 
perished by the same means. Still, of all the latter, 
except in the floating, or recent state, no examples have 
been recorded. The fact, therefore, that no antediluvian 
human bones have been found, is certainly no stronger 
proof against a general destruction by the flood, than is 
the same fact a proof that the Romans and others did not 
perish by thousands, in their naval engagements. The 
not finding of bodies, it is true, is a negative fact ; but we 
do not see why it does not equally prove that there was 
00 deluge, and no naval engagements among the Romans 
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CHAPTER XLII. 

COAL; 

ITB OKOLOOICAL SITUATION, O&IGIN, AND VA&ISTISt. 

Importance <jf the subject. — There is no subject, within 
the range of geology, of more importance, than the natural 
history of coal ; since the inhabitants of many countiiee ai<6 
almost entirely dependent on its existence and quantityi 
for the enjoyments, and even comforts of life. 

O&IGIN OF COAL. 

We have already stated (15) that the geological 
writers of the present day, agree that all the yarieties of 
fossil coal are of vegetable origin, and have also refened 
to some of the experiments by which this opinion has 
been confirmed, (21.) 

629. How coal-beds are formed. — But though the vegeta- 
ble origin of coal is satisfactorily established, there is still 
much difficulty in conceiving by what process, or repetition 
of processes, so many beds and seams of this substance 
have been regularly arranged over each other in the same 
place, each being separated by stmta of sandstone, shaL, 
or indurated clay. It will, perhaps, tend to simphfy this 
inquiry, if we examine a single coal-field, of very hmited 
extent, such as those which occur in small coal-basini, 
called by the miners swillege^ and which are often not 
more than a mile in extent. 

630. These basins once small lakes. — It seems evident 
that these basins were once lakes, and that the strata 
have been deposited on the bottoms and sides, taking the 
concave form, which form depositions in still water at first 
must assiune, under such circimistances. But it appears, 
the largest quantity of original matter, at least in some 
cases, floated into the deepest water ; for it is remarkable, 
that the stratiun of coal, which in one of these basins is a 
yard thick, in the lowest part, gradually diminishes as it 
approaches the edges, and then entirely ceases. This 
fact proves that the present concave shape of this coal- 
bed, is the original one in which it was formed, and that 
the basin in which the materials, now turned to coal, were 
deposited, was a detached lake, and not an arm of the sea. 
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631. Coal strata formed in water. — It seems from the 
above, as well as from other geological facts, that coal 
strata were formed in the water, and no doubt the materials 
were accumulated by freshets or floods ; but whether the 
place of deposit was in fresh or salt water, it is not always 
easy to determine. The shells found in coal-beds, accord- 
ing to Mr. Conybeare, are, at least sometimes, those of 
marine origin ; but, on the other hand, the vegetable 
remains found in the same strata, are clearly those of the 
land, with no mixture of those of the sea. But there is 
sometimes much difficulty in distinguishing fresh-water 
and land, from marine shells, especially where no recent 
examples are known, with which to compare them. 

632. Known marine shells found in coal strata. — It would 
iqppear from the account of Dr. Hildreth, of Ohio, that the 
coal-beds on the Muskingum river , in that state, have 
either been formed in the ocean, or that, since their forma- 
tion, they have been submerged by salt water. "The 
lioM rocks here," says he, " abound with marine shells of 
the genera Producta, Terebratula, and Spirifira, with 
Ammonites, and other chambered shells, indicating that 
some of the coal deposits have been deeply submerged 
under salt water, since their formation ; or that the vege- 
table materials, composing the coal, had once floated in an 
ocean, and were precipitated by an accumulation of cal- 
careous, argillaceous, and sedimentary materials, collected 
on, or about them, while floating." 

^ Marine fossils," continues the author, " are found both 
above and below the coal, and sometimes deposits, contain- 
ing fresh-water shells, are intermixed, although they are 
not so common as they are nearer the Ohio river. Some 
of these fresh-water fossils bear a striking resemblance to 
living species now found in our rivers." — Sill. Journal. 

633. Quantity of vegetables required to form coal. — It is 
not difficult to conceive that the earth might have pro- 
duced a quantity of vegetation, even within the circuit of 
a. few miles, sufficient to form a thick stratum of coal, 
though the thickness of this might bear a fractional 
proportion to that of the wood. Those who have seen 
the pine forests of our western country, can, perhaps, have 
8ome conception of the vast pile, which a single square 
mile of these trees would form, if thrown together. Now, 
if hundr^ of square miles of such. timber were accumu 
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iated in a lake, we might imagine that there would be a 
quantity sufficient to form, at least, one thick bed of a 
huge coal-field. 

634. Drift-wood of the Mississippi — The quantity of 
dhft-wood which descends the Mississippi, in the course 
of a few years, might be suj^posed to furnish ample matter 
for an extensive coal-bed Acccnding to the estimates of 
Mr. Bringier, the quantity of floating timber which came 
down that river during a freshet, in 1812, amounted, for a 
connderable time, to 8,000 cubic feet per minute. The 
same writer states that the raft thus collected at the 
mouth of Red river, one of the tributaries of the Missis- 
sippi is 60 miles long, and in many parts 15 miles wida 
Now, in case the bed of this river should, at some future 
time, be changed, so as to leave this immense raft covered 
with earth, which is by no means impossible, generatioins 
to come might here find an extensive coal-field. 

635. Ages of coal formations. — There is no doubt but 
all the regular coal formations were deposited befcne the 
general deluge, or at that period when the temperature of 
the earth appears, by the remains of plants still found, to 
have been much higher than at present ; and therefore^ 
when all vegetables not only attained a greater size, but 
grew much more rapidly than they do in temperate cli- 
mates. Hence, we may suppose that wintry torrents, or 
occasional inundations, denuded the earth of her vege- 
tation to a great extent, and swept it into lakes or 
estuaries, in which case, it might well be imagined, that 
in such a climate, the earth would soon again be prepared 
with her vegetation for a similar sweep, and thus one 
stratum of coal after another would be formed. 

During the intervals of these inundations, the operatioa 
of ordinary causes, as the flowing of rivers into these lakes, 
might bring down from the mountains the materials which 
have formed the clay and sandstone, now interposed be- 
tween the beds of coal, in a similar manner to that now 
taking place at the mouth of the Mississippi, or that of 
other rivers. 

FORM OF COAL-BEDS. 

636. Mr. BakeweWs comparison. — Mr. Bakewell com* 
pares the shape of a coal-bed to that of a series of muscle- 
shells. ^ The position of coal strata, in many fields, may 
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he represented by a series of ^sh-water muscle-shells, 
decreasing in size, laid within each other, but separated 
by a thin layer of clay. If one side of the shell be raised, 
it will represent the general rise of the strata in that 
direction ; and, if the whole series be dislocated by partial 
cracks, raising one part a little, and depressing the other, 
to represent faults (389) in the coal, it will give a better 
idea of a coal-field than any description can convey." 

** We are here to suppose that each shell represents a 
stratum of coal, and the partitions of clay the earthy 
strata by which they are separated. The outer or lower 
shell, represents the lowest bed of coal, which may be 
many miles in extent. Now, if a much larger shell be 
filled with sand, and the lower shell pressed into it, we 
may consider the large shell to represent limestone, and 
•the sand, gritnstone ; we shall have a model of the coal 
strata in many parts of England, and their situation over 
<tfa6 metalliferous lime, with the beds of sandstone by 
which they are separated from it." — Geology^ p. 117. 

SEARCHING FOR COAL. 

637. In most instances, the inclination, or bending of 
coaj strata, is such that the veins rise nearly to the sur- 
face, and would be visible, were they not covered by soil or 
grs^veL When this is the case, the removal of the soil by 
rivtdets, or the accidental slide of a side-hill, will sometimes 
uncover the strata, so that their dip and thickness can be 
determined. This is a very fortunate circumstance, be- 
cause the boring for coal, without some such indications 
that it exists, in greater or less quantities, even in coal 
districts, is a very imcertain means of its discovery. 

LIGN. 113. 




Coal strata. 



636. Borings are oftan made in the vicinity of coaly with' 
jveee^f.— Sometimes borings to a great depth have 
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been made in the immediate vicinit j of laige coal-fields, 
wtlbout producing any greater conviction of the existence 
of the mineral, than the smface before indicated. The 
cause of this will be seen by Lign. 113, where, suppose 1 
is a coal-vein, and 2 a stratum of sandstone, below which 
is limestone, and that the basin is filled to the surface with 
slate and clay. Now, on boring at 2, it is evident that 
nothing but lune and sandstone would be found, though 
it might be within a few feet of the coal-vein; while, had 
the examination happened to have been made at 1, coed 
would have been found within a few feet of the suiface. 

639. The dip and directum of the strata^ to be observed,--^ 
In examinations for coal, the dip and direction of the 
strata in the vicinity, should be carefully observed; for if 
the dip is towards the estate on which the search is to be 
made, it is probable that the coal may extend under it ; but 
if the dip is in the contrary direction, the search ought not 
to be made, since experience has shown that it would be 
useless. 

UGN. 114. 
i. - 2 3 4 >• 




Searching for coal. 

The reason of this will be understood hy Lign. 114, 
where 1, 2, 3, 4, are a series of coal strata, dipping towards 
h. The unconformable strata, c c, are sandstone, lying over 
the coal. Now, suppose the coal-vein, 4, makes an out- 
crop (384) at that point, on the estate of A, adjoining the 
estate of B, which lies towards ft, then it appears that A 
would find only a part of the vein, 4, on his estate; and 
that it would be useless to search in the direction of d for 
coal, since the dip (383) of 4, is sufficient to prove that 
none exists there, unless indeed another coal-field should 
be found. Whereas, on the estate of B, though there 
might not exist an outcrop, still, the dip of that on the 
estate of A, would make it highly probable that B would 
find coal on his estate, though it might be too deep for 
working. 
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ANTHRACITE. 



640. This name is from the Greek, and merely signifies 
coal^ or charcoal. It is found in England, and is there 
known by the name of stone-coal ; and in Scotland, it is 
called blind-coal. In this country, where it is found at 
many places, and in vast quantities, it is distinguished by 
the names of the places whence it comes : as, Lehigh, 
JLackaioanaj Beaver^ and Peach-orchard coal. 

Anthracite has been found only in small quantities in 
any part of Europe; but in this country, it forms the most 
extensive coal-fields known, and it now supersedes the 
use of wood as fuel, for culinary purposes, as well as for 
furnaces and steamboats, in every part of the country, bor- 
dering on the Atlantic. In the Western states, where 
bituminous coal chiefly prevails, this is employed instead 
of the anthracite. 

Anthracite is distinguished from bituminous coal, by its 
greater weight and lustre ; by its hardness and conchoidal 
fracture, and its burning without smoke, or blaze, or bitu* 
minous odors. Its odor is sulphureous. 
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641. Mr. LyelVs account of American coal-fields. — Mr. 
Lyell, the distinguished English geologist, in his recent 
travels through the United States, records his astonish- 
ment at the vast extent of our coal measures. " The an- 
thracite coal measures, occurring in the eastern, or most 
disturbed part of the Appalachian chain, are fragments or 
outliers of the great continuous coal-field of Pennsylvania, 
Virginia, and Ohio, which occurs about 40 miles to the 
westwaid. This coal-field is remarkable for its vast area; 
for it is described by Prof H. D. Rogers, as extending con- 
tinuously, from north-east to south-west, for the distance 
of 720 miles, its greatest width being about 180 miles. 
On moderate estimate, its superficial area amounts to 63,000 
square miles. It extends from the northern borders of Penn- 
sylvania, as far south as near Huntsville, in Alabama. 

" This coal formation, before its original limits were 
reduced by denudation, (399,) must have been, at a reason- 
able calculation, 900 miles in length, and in some places, 
more than 200 miles in breadth." 

642. Chemical analysis of anthracite. — Prof Rogers has 
shown, by analysis, that this coal is most bituminous to 
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wards its western limit, where it remains level and un- 
broken ; and that it progressively loses its bitumen to- 
wards the south-east, where the strata are bent and dis- 
torted. Thus, on the Ohio, the proportion of hydrogen, 
oxygen, and other volatile matters, ranges from 40 to 50 
per cent. Eastward of this line, on the Monongahela, it 
still approaches 40 per cent., where the strata begin to ex- 
perience some gentle flexures. On entering the Allegany 
mountains, where the strata is disturbed, but before the 
dislocations are considerable, the volatile matter is in the 
proportion of 18 or 20 per cent. At length, when we 
arrive at some insulated coal-fields, associated with the 
boldest flexures of the Appalachian chain, where the 
strata have been actually turned over, as near Pottsville, 
we find the coal to contain only from 6 to 12 per cent, 
of bitimien, thus becoming a genuine anthracite. 

643. Bituminatis coal of Ohio. — "I was truly astonished,"'- 
continnes Mr. Lyell, " now that I had entered the hydro- 
graphical (water-formed) basin of the Ohio, at beholding 
the richness of the seams of coal, which appear every 
where on the flanks of the hills, and at the bottom of the 
valleys ; and which are accessible to a degree I never wit- 
nessed elsewhere. The time has not yet arrived, the soil 
being densely covered with the primeval forest, and man- 
ufacturing industry in its infancy, when the full value of 
this inexhaustible supply of cheap fnel can be appreciated. 
I found, at Brownville, a bed ten feet thick, of good bitu- 
minous coal, commonly called the Pittsburg seam, break- 
ing out of the river cliflfs near the water's edge." 

The boundaries of the Pittsburg seam have been deter- 
mined with considerable accuracy. It is of an eliptical 
fbrm, measuring 225 miles in one direction, and about 100 
in the other. 

644. Great demand for this coal — So great are the facil- 
ities for procuring this fuel, that already it is found profit- 
able to convey it in boats, for the use of steam-ships at 
New Orleans, a distance of more than 1,000 miles, although 
the intermediate river plains are densely covered with tim- 
ber, which may be obtained at the cost of felling it. 

"Again," Mr. Lyell continues, "while alluding to the 
vast area of these carbonaceous formations in the United 
States, so rich in productive coal, I may call attention to 
the Illinois coal-fields. * * * That coal-field, com- 
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prehending parts of Illinois, Indiana, and Kentucky, is not 
much inferior in dimensions to the whole of England: 
and consists of horizontal strata, with rich seams ot 
bituminous coaL" {See Travels, vol. u. p. 25-6.) 



CHAPTER XLIII. 

METALLIC VEINS; 

THEIR PHENOMENA AND CONTENTS. 

I 

. 645. Veins originally fissures. — Metallic veins appear 
originally to have been nssures, often passing through dif- 
ferent beds of rock, and which were subsequently filled 
with metallic ores. These veins must therefore be con- 
sidered as subsequent formations to the rocks through 
which they pass. When, however, a vein is found in only 
one bed of rock, the vein may have been formed and filled 
at the time when the rock was consolidated. 

When mineral veins occur in considerable numbers in 
any tract of country, they maintain a general paralleUsm, 
as if all the fissures to which they owe their origin, had 
been formed at the same time, by some common cause. 

The absolute antiquity of veins cannot be conjectured ; 
but where one vein intersects another, as is of^en the case, 
the dislocation of the strata, through which the oldest 
vein passes, by the contact of the new one, is sufficient to 
show a difference in their ages. 

646. Exist in hypogene rocks. — Veins exist in hypogene 
and metamorphic rocks, but are most common in the for- 
mer. The substances most commonly found in them, are 
the metals^ quartz^ calcareous spar, harytes, and Derbyshire 
spar. It hardly need be remarked, that the chief object in 
pursuing veins, is the metals which they contain. 

With respect to the depth of metallic veins,* nothing but 
conjecture can be offered. The miners believe that they 
reach quite through the earth, but this opinion has no 
other foundation than that they never find their termina- 
tion. Indeed, it is believed, that no instance has been 
recorded, where the end of a metallic vein has been found. 
They, however, often grow too poor to pay the expense of 

31* 



wofkine; aiid the difficulty of cleuiDg deep mines of the 
wate^ u a frequent leaaoa vh; the; are relinquished, 
when tbej would pa; a good profit, were thej near the 
suifac«. Veins an aeldcMn rich near the siufaee; but 
increase in ralue at a medium depth, and grow pow again 
U a greater. 

647. Ckaitge of metal* at different iepUu. — Metallic 
veins oftea change theii metab at difierent depths. In 
EWice, there are veins which contain iron above, then 
silver, and below the silver, copper ; and oae of the Corn- 
wall mines contains zink, in the u[q)er part of the veins, 
which becomes rich in copper at a greater depth. Veins 
often change their dimensions also, being narrow in some 
puts and wide in others. Thus, the Dalcoath mine of 
Cornwall, varies from fort; feet lo six inches in width. 

k is a curious circumstaiice, that where a vein is inter- 
sected bj a dike, that the former often divides into two 
fannches, which unite again before teaching the latter, 
and after having passed u, separates into seveml lamifi- 




Thus, Ligtt. lis, hh,ia the dike, and a a, the metallic 
vein, divided at a, but united again before reaching the 
dike, after passing which, it again separetes into several 
parts. The dike has occasioned a fault, b; which the 
two ends of the vein are widely separated. The Iowct 
branches are not supposed to lentunste as represented in 
the cut, bui to unite again, and proceed downwards, e c, 
■howB how veins sometimes change their dimensions, 
being narrow in some parts and wide in others. 

64i8. Corntcalt tin mine. — Sometimes veins containing 
Ji&rent metals cross each other, and, as above stated, paas 
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from one kind of rack into another. Examples of both, 
are contained in the tin Croft mine in Cornwall. 

In this mine are five copper veins, three of tin, and one 
mixed, all within about a furlong of space, from north to 
south. Two of the tin veins proceed in a straight line, 
the other alters its course repeatedly, in a gradual approach 
to the perpendicular, and is intersected by two of the cop- 
per veins. The racks through which these veins pass, are 
slate and granite. 

I.IGN. 11G. 

W ,;:;| 



The annexed Lign. 116, from Mr. Phillips' paper on 
this mine, will make the direction of these veins under- 
stood, a 0, copper veins ; h, tin veins ; e, copper and tin 
intermixed. The dark shade is slate, and the white parts 
granite. The vein number 3, passes between slate and 
granite, one of these rocks being found on the north side, 
and the other on the south. Detached masses of granite 
and slate are found in this vein, and also in number 2. In. 
this mine it was frequently the case, that where the vein 
vas passing through slate, it contained fragments of 
granite, and when passing through granite, it contained 
pieces of slate. 
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CHAPTER XLIV. 

THEORY OF VEINS. 

▼ AB.I0U8 OPINIONS CONCERNING THEM. 

649. Hutton's theory. — No subject belonging to geology, 
hats been contested more warmly, than the theory of 
metallic veins. These may be considered analogous to 
dikes, which are veins of stone penetrating strata differ- 
ing from themselves in kind ; and it is hardly disputed at 
present, that dikes have not owed their origin to melted 
matter nijected from below. In like manner many of the 
earlier geologists, and among them Dr. Hutton, supposed 
that the metals were forced into their veins in a fused state, 
the expansive force of the heat producing the fissures. 
This is called the igneous theory of mineral veins. 

650. Wemer^s theory. — Opposed to this doctrine is that 
of Werner, and his followers, who believed that the fissures 
of dikes and veins were produced by the ^shrinking of the 
rocks in which they are contained, and that the metallic 
veins were afterwards filled with the metals in a state of 
solution, poured m from the surface of the earth. I'hid is 
called the aqueous theory. 

651. The aqueous theory not satisfactory. — From the 
facts we have stated concerning veins, and what will be 
stated directly, the reader will see, that this latter theory 
contradicts, at once, the principal phenomena by which 
they are attended. For even were it shown that ihe 
metals were soluble in water, which, however, cannot be 
true, still, the supposition that the fissures were filled from 
above, could not be maintained, for the following reasons : 
First. The ores of most veins are unmixed, but where a 
vein contains several metals, one kind is above or below 
the other. Were the metals poured in from the surface, 
no reason can be assigned why the several solutions should 
not have fallen in together; or why one should have filled 
the lower part of the vein and the other the upper. Second. 
When a vein passes through a different kind of rock, as 
from sandstone through limestone, the quality of the ore is 
changed, and it becomes richer or poorer. This is a general 
fact well known to miners. Now, it is plain, tiiat were 
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these veins filled by solutions poured in, the kind of rock 
could not possibly influence the quahty of the metal. 
Third. When a fault changes the strata through which a 
vein passes, by hfting that on the one side, or throwing 
down that on the other, so as, for instance, to place sand- 
stone on one side of the vein, and limestone on the other 
side, the vein is never so rich in ore, as it is when both 
sides are of the same kind of rock. This fact is also 
plainly incompatible with the aqueous theory. Fourth. 
Were the metals poured in from above, we should expect 
that all the narrow parts of the veins would soon be filled 
with earth mixed with the solutions, and, therefore, that 
they would reach only to a short distance below the sur- 
face ; whereas the termination of a vein, as already stated, 
has never been discovered. Many other objections might 
be stated ; but these are sufficient to show that the 
aqueous theory is incompatible with the known phenomena 
which metallic veins present. 

652. Difficulty of the igneous theory. — If now we advert 
to the igneous theory, we shall find fewer absurdities, 
because much must here be left to conjecture ; but the 
difficulties are little less than those of the aqueous. 

The objections already made, may be applied, without 
modification, to this theory ; for if the metals were injected 
in a state of fusion from below, as we must now suppose, 
how would any change in the kind or position of the strata, 
change their quantities ? and how can we account for the 
fact, that veins in the same vicinity contain different kinds 
of metal, perfectly distinct, as tin and copper, in the Corn- 
wall mine ? Besides these objections, the heat of the fused 
metal would have produced obvious effects on the walls of 
the veins, as is the case with basaltic dikes. The adop- 
tion of either of these theories is therefore only a choice of 
dilemmas, as they both fail entirely to account for the 
phenomena observed. 

653. Neither tlieory explains the facts. — But the difficulty 
concerning metallic veins, does not end here ; for were it 
shown, in the most satisfactory manner, how the metals 
might have been soluble in water, and in what way they 
might have been introduced from the surface into the fis- 
sures ; or, on the contraiy, could it be made to appear that 
uU the phenomena which veins present, were compatible 
with, the igneous theory, still, the great difficulty would 



remuin unanswered, viz : whtnee did tka mttui* eome, hejbn 
tiey tocTV tntlted by the heat below, or dissolved by the fimd 

654. Wheitee do the metals eome ? — This, after all the 
aiguments that have been employed oo both sides, is the 
phacipal question ; and the reasonable answer is obTious. 
The metals were created by Him who made the othei 
pans of the earth ; but whether they were formed at the 
same time, and in the veins as we see them, or whether 
the veins were fissures, afterwards filled with the metals; 
and, if so, whether they came from below, being dissolved 
by heat, or from above, in solution with some fluid, ani 
questions which man, with all his curiosity, seems des 
lined never to answer. 




The adjoining cut represents the most common varieties 
of metallic veins. It is from Sir W. T. E^nde's " Outlines 
of Geology," and is placed here to gratify the curiosity of 
the reader, on this mysterious subject. 

With respect to the direction of different metallic veins, 
we have already observed, that in the same neighborhood, 
they commonly run parallel with each other, and are often 
nearly, or quite vertical, or perpendicular to the line of the 
horizon. But the incUnation of different series of veins is 
found at every angle, from the perpendicular to the hori- 
zontal ; and the manner in which they run among the 
strata is also exceedingly various. Inmost instances, the 
line of the vein is across that of the strata ; but 
tb«y run parallel with each other, and the t 
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out between the strata, as represented at No. 4. Some- 
times, also, a vein, whose general direction is across the 
strata, will take a short turn between them, and then pro- 
ceed on as before, as represented at 7. The branches of 
the veins do not terminate as they seem to do in the figure, 
but commonly join themselves together again, as seen at 2. 
655. Metallic veins do not consist of metals a/o««.— It 
must not be understood that metallic veins consist of 
raetals, or their ores alone ; on the contrary, they are mixed 
with greater or less proportions of stony matter. Sometimes 
tile ore is diffused through the vein, in the same manner 
as it would be, had the stone been porous, and dipped into 
a solution of the metal. Li other instances, the metal lies 
in concretions, or crystals, entirely surroimded by the 
stone. An instance of this is common in the sulphuret of 
iron, the crystals of which appear as though they had 
been perfectly formed, and then dropped into the stone 
when in a soft state. Indeed, so mysterious are the phe- 
nomena which metallic veins exhibit, as, in the presei^ 
state of knowledge, to defy all hypothesis. 



CHAPTER XLV, 

CHANGE OF CLIMATE. 

THE CLIMATE OF THE NORTHERN HEMISPHEllE WAS ONCE TB.OPICAL. 

656. Importance of the subject — Tms is a subject of 
^teat importance to geology ; and although the idea of a 
universal change of climate, was once strongly contro- 
verted, most writers on the subject, at the present day, 
consider that there is sufficient evidence that the temper 
ature of the atmosphere, and the earth's surface, is much 
lower than formerly. 

657. Indications by the remains of plants. — It has 
already been stated, under the head of "Fossil Botany," 
that in many instances, plants growing at present only 
in the hottest climates, have been found in the fossil state 
in many parts of Europe and North America. Indeed, 
it ifr asoerudned that the vegetables of which the carbon* 
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ifurous strata are composed, both in England and in this 
country, are almost exclusively those of tropical climates. 

The Equisetums, (^44,) which, in the Northern hemis- 
phere, are found at the present day no larger than the 
finger, have been discovered in the coal-mines of England, 
from four to six inches in diameter, and probably of propor- 
tionate height. 

The Caulopteris, {I59j) or arborescent ferns, now found 
only in the fossil state, were, from the dieoneters of their 
trunks, undoubtedly the rivals of forest trees of the pres- 
ent time, in size. The largest ferns now growing in tem- 
perate climates, rise only to the height of five or six feet; 
while in the same climate, the remains of this tribe 
occur, which indicate a height of thirty, or even fifty 
feet. We have already mentioned a fern from Bengal, 
forty-five feet high, (79.) 

The Lycopodiums^ (^67,) Sigillaria^ (160,) and the 
Catamites^ ( 145,) found in the fossil state, are each similar 
examples of gigantic vegetation, when compared with the 
species of these genera now growing in various parts of 
the world. 

658. M. A. Brongniart^s remarks. — M. Adolphe Brong- 
niart, in his splendid work on fossil plants, comes to the 
following conclusions on this subject : First. " That in the 
strata of coal and anthracite, the vegetables preserved are 
nearly all Cryptogamous orMonocotyledonous plants, (69,) 
as ferns, equisetums, and lycopodimns, and that some of 
these tribes, which no longer exist, except as fossils, grew 
to an immense size in Europe. 

Second. " That in the higher strata, a great variety of 
fossil vegetables exists, which, for the most part, appear to 
belong to similar tribes of plants, if not in species, at least 
in genera, to vegetables which still inhabit the hottest 
regions of the earth ; nor is it probable that they have 
been transported to the places where they are found in 
Europe, from such climates, since their most delicate parts 
are uninjured. It is, therefore, reasonable to suppose, that 
since the growth of these vegetables, the climate of 
Europe has suffered a great change." 

659. The Palms. — Still stronger indications of a change 
of climate are evinced, by the occurrence of the remains 
of various species of palms, both in Europe and North 
America. These are now found, it is .well knbinvofily 
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in intertropical climates, where they are among the most 
graceful and magnificent of vegetables. That these once 
were natives of the Northern hemisphere, there cannot be 
the least' doubt; for, besides being found in abundance in 
coal strata, they have been discovered, with their roots still 
in the earth, showing, beyond dispute, that they could not 
have been transported from a warmer region, but that 'they 
once flourished in the places where their petrified stems 
are still to be seen. 

660. Inferences. — From all these facts, about which 
there can be no dispute, the inference cannot be avoided 
that, what are now temperate, were once tropical climates ; 
since all the species of plants above named, are natives of 
such climates, and refuse to grow in any but the warmest 
parts of the earth. 

661. Indications by the remains op animals. — "That 
the climate of the Northern hemisphere has undergone an 
important change,*' says Mr. Lyell, "and that its mean 
temperature must once have resembled that now experi 
enced within the tropics, was the opinion of some natural 
ists who first investigated the contents of ancient strata 
Their conjectures became more probable, wljen the shells 
and corals of the secondary rocks, were more carefully 
examined: for these organic remains were found to be in 
timately connected, by generic affinity, with species now 
living in warmer latitudes. At later periods, many reptiles, 
such as turtles, tortoises, and the larger saurian animals, 
were discovered in the European strata, in great abun- 
dance; and these supplied new and powerful arguments 
from analogy, in support of the doctrine, that the heat of 
the climate had been great when our secondary formations 
were deposited. Lastly: when the botanist turned his 
attention to the specific determination of fossil plants, the 
evidence acquired the fullest confirmation ; for the Flora 
of a country is peculiarly influenced by its temperature ; 
and the ancient vegetation of the earth might more readily 
than the forms of animals, have aflforded conflicting proofs, 
had the popular theory been without foundation." 

662. Remains of the SaurianSj a proof of change. — The 
remains of the megalosaurus^ ( 180,) the ichthyosaurus, (27 6,) 
and several other colossal animals of the same tribe, the 
genera of which, if any examples are still in existence, are 
known to inhalnt only th6 hottest portions of 4he earth 

32 
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being discovered in English strata, are strong proofs that 
the cUmate of the country was once much wanner than 
at present. ^It is true," sajs Dr. MantelL ^that these ani- 
msds no longer exist, and therefore onlj indicate a change 
of climate, bj tbe analogy, that animals of similar tribes, 
and of great size, are fouml exclusively in tropiced climates 
at the present day. But there is not wanting other evi- 
dence of such a change, and, perhaps, as duect as the 
nature of such a case will aUow, in the fact clearly proved 
by Dr. Buckland, that quadrupeds once inhabited Europe, 
the genera of which are known to hve only in tropical 
climates." 

663. Dr. BuckknuTs discovery of the remains of tropical 
oiumals, — The genera of quadrupeds which Dr. Buckland 
was able to determine from the bones found in the Kirk- 
dale cavern, an account of which has already been detailed, 
(page 191,) amounted to 23. Of these, the elephant, riii- 
noceros, hippopotamus, tiger, and hyena, all belonged to hot 
climates ; and it is well known, that the species now hving, 
cannot exist in the climate of any part of Eim)pe, without 
the protecting care of man. That these animals all per- 
ished at, or near the place where their remains were found, 
is proved by Dr. Buckland, by the strongest evidence which 
such a case could allow; and, therefore, that they were 
inhabitants of that country, admits of no doubt ; and, if so, 
then these animals must have changed their nature and 
habits, or the climate where they lived must have materially 
changed its temperature. 



I 



CHAPTER XLVl. 

WELLS AND SPRINGS; 

THEIR GEOLOGICAL SITUATIONS AND PHENOMENA 

664. Orifirin of common springs. — The origin of com- 
mon springs is easily understood. The water which 
falls on the surface of the earth, penetrates its sub- 
stance, until meeting with a stratum of clay or the sur- 
face of a continuous rock, which hinders its descent, it 
ftCQumulates; and, .taking the disecUon given- by .^agp 
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impediments,' continues its course^ until, meeting with an 
aperture, it gushes out in the form of a spring. 

LIGN. 118. 




Coznmoa springa. 

Suppose a, Lign. 1 18, to be a gravel hill, and 6, strata of 
clay or rock, impervious to water. The fluid, percolating 
through the gravel, would reach the impervious strata^ 
along which it would run imtil it foimd an outlet at e, at 
the foot of the hill, where a spring would be formed. As 
water in the earth observes the law of gravity, springs are 
most commonly found lower than their sources. When, 
however, the fluid is intercepted by a dike, which rises as 
high as its source, the hydrostatic law of tending to a 
level, will carry it equally high ; though this in fact is 
probably not a common circumstance, since the pressure 
of the water generally will And an outlet before it rises to 
such a height. 

665. Artesian wells — The people of Artois, in France, 
for a long time have been in the practice of boring into 
the earth, until they find a sheet or vein of water which 
rises to the surface. These are called Artesian wells, 
because the method was first invented or employed in 
Arteis. 

This method has for many years been practiced in oth^ 
parts of Europe, and more recently in this country. The 
size of the boring is usually three or four inches in diam- 
eter, and to prevent its sides from falling in when it passes 
through a stratum of sand, there is introduced a jointed 
tube, which in Artois, is made of wood, but in other 
countries, of copper or other metal It often happens 
that, after passing through hundreds of feet, without 
success, a vein of water is pierced, which immediately 
ascends to the surface, and flows over the end of the tube. 
The first rush of the water is sometimes so violent as to 
throw it many feet above the surface, where for a time it 
plays like an artificial fountain, and thea continues to nin 
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m « tleadj stream, or pnfaaps sinks awaj below the sur- 
face, to the great disappointment of the operator. This 
▼ioient gush of the water appears to be owing to the pres« 
sure of air or gas on its surface, before it was {nerced by 
the auger. Dr. Hildreth states that in boring for salt in 
Ohia the gas rushed out with such force as to throw the 
auger and poles into the top of a tree. 

In some instances, large quantities of water have been 
discharged from great depths in this manner. In 1824, a 
well was dug at Fulham, near the English Thames, to 
the depth of 317 feet, the deepest part of which passed 
through sixty-seven feet of chalk. On piercing through 
the chalk, the water immediately rose to the surface, and 
discharged itself at the rate of fifty gallons per minute. 

666. Deep well without ira/^r.— -Sometimes boring for 
Artesian wells is entirely without success. Thus, at 
Toulouse, in France, the excavation was carried to the 
immoQse depth of 1.260 feet, and abandoned without find- 
ing water. In most places, indeed, there is no doubt but 
success must depend on chance, since neither skill nor 
experience, in ordinary circmnstances, can ascertain, before- 
hand, the direction of a water-vein. It appears, however, 
that in certain situations, water-bearing strata imderlay 
considerable extents of country, as will appear by the fol- 
lowing account : 

667. Artesian wells at Modena. — In the country about 
Modena, in Italy, to find water, they dig through several 
kinds of soil, until they come to a stratum of hard calca- 
reous clay, which resembles chalk. Here they begin 
their mason work, and build the wall at their leisure, car 
rying it up to the surface, without the least sign of water. 
But experience has taught the workmen not to expect it 
imtil they pierce this stratum, when it never fails to reward 
their labors. When the well is finished, they bore through 
this hard stratum with a long auger, but take care to 
leave the well before they draw it out again ; which, when 
they have done, the water springs up into the well, and 
in a short time rises to the brim, or in some instances, 
overflov^s into the neighboring valley. 

The source of these wells is supposed to be in the Ap- 
penine mountains, which lie not a great distance from 
Modena, and to which the impervious stratum does nqjt 
h. The water from the mountains, therefore, sinks 
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below this stratuca, at a distance from thsM wells, & 
is thus prevented from rising to the surface until this 
perced. 




Arteaiui wells 



Suppose a, Ligu 1 19, to represent the Appenines, sloping 
dovn towards Modena, and passing under the secondary 
strata at b Suppose that the unpervions strata, e, does 
not reach the side of the mountain and that the strata, 
both above and below it, admit the water through them ; 
then the fiuid would not nse m any quantity above this 
stratum, except about its edges , but the pressure being 
constant on its lower side, because the source is elevated, 
the moment this is pierced, the water flows above it, as at 
to, which represents a well. 

668. Overflowin/r vjells. — In many instances, wella over- 
flow their brims, and continue to dischai^ water, in the 
manner of springs. These may be springs deeply situated, 
which happen to be struck by the well, or they may be 
dishes of water, confined by dikes, or by impervious strata, 
inclining towards each other. 







The annexed cut, L\gn 120, represents inclined strata 
covered with alluvial deposits The water descending 
along the strata, would be lost in the adjoining valley 
was it not intercepted by the dike d, which serves as an 
impervious dam. The water, therefore, rises, and forms 
32' 
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spnngs along the inside of the dike. Now, if a well be 
sunk at m, the water will rise to the surface of the ground, 
and if the inclined rocks be considerably higher than the- 
well, it will ovflirfiow. If the strata form a dish, one side 
of which is considerably higher than the other, the same 
effect will be produced. 

669. London wells. — London, and its vicinity, stand over 
a formation of rather a pecuhar kind, called London clay. 
Its direction is nearly horizontal, and its thickness from 
100 to 500 feet; It is covered with alluvial deposits, of 
various, thickness; so that although the surface <)f the 
clay may be horizontal, still, the depths of the wells are 
various, according to the thickness of the alluvium. 
Until within a few years, most of the wells in and about 
London were sunk no deeper than the surface of this clay, 
and its impervious nature is of vast importance to thdt 
great city, since the water is thus retained, and a plentiful 
supply is always furnished by means of shallow wells. 
But this water, though limpid, is hard and impure. That, 
however, which is drawn from below the clay, is perfectly 
soft and transparent; and hence all the pinups about 
London, which furnish such water, are of great depth, 
piercing the sand below the clay. 

This water, says Mr. Conybeare, frequently rises so 
instantaneously, on passing through the clay, as not to 
suffer the well-digger to escape, without rising above his 
head. It appears to rise in different places to dififerent 
heights. Thus, at Liptrap's distillery, near the Thames, 
it rises no higher than the level of that river; but at Tot- 
tenham. 4 miles north of London, it rises 60 feet above 
that level; while at Epping, 15 miles north of London, 
the water rises to within 26 feet of the summit of the well, 
which is 340 feet above the level of the Thames, and 
therefore 314 feet above that level. This well is 420 feet 
deep, of which. 200 feet were sunk through by digging, 
and 220 bored with an auger, 4 inches in diameter. After 
boring to this depth, no water being found, the project 
was relinquished, and the well was covered over; but at 
the end of five months it was foimd that the water had 
risen to within 26 feet of the surface, and has so continued 
ever since. The sinking of this well was, therefore^ 340 
feet above the level of the Thames, and 80 feet below it. 

670. Well at Hunter's Hall— A. well at Hunter's Hall 
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is 350 feet deep, but its summit is 70 feet higher than that 
at Epping, and 410 feet above the level of the Thames. 
The water in this well stands 1 30 feet above its bottom, 
which is 60 feet above the level of the Thames ; the 
actual elevation of this water, therefore, is not so great as 
that at Epping, by 54 feet. 

UGN. 12L 




Deep well at Hunter's HalL 

These facts will be better understood by Lign. 121, 
where H marks Htmter's Hall; E Epping; T Totten- 
ham ; L liptrap's well, at Mile End. a ^, is the level of 
th^ sea, as indicated by that of the Thames. It will be 
observed that all the wells reach below the level of the 
Thames, ex<^ept that at Hunter's Hall. The numbers 
will be chiefly understood, by the explanations already 
given. Thus, the water in the well at Hunter's Hall, 
stands 130 feet from its bottom, the well is 350 feet, and 
its mouth 410 above the level of the Thames. That at 
Epping, is 420 feet deep, its summit is 340 feet above the 
Thames, and its bottom 80 feet below it ; the water is 
314 feet deep, and it rises to within 26 feet of the top. 
The well at Tottenham is 130 feet deep; its top is 70 
feet above the Thanies, and its bottom 60 feet below it, 
and the water rises 60 feet above the sea. 

All these wells being simk belaw the London clay, and 
deriving their water from the same source, it might be 
expected that, agreeably to the general law of hydro- 
statics, their surfaces would have a common level. The 
London clay is nearly on a horizontal level ; the depth of 
the well at Hunter's Hall, however, shows a slight rising 
of the strata there ; but still, the water in that well does 
Hoi rise so high, by 54 feet, as that in the well at Epping. 

671. Common wells. — Wells situated in level countries 
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and in alluvial formations, generally require to be simk 
only 30 or 40 feet, and sometimes no more than 20,liefore 
water is found. These are not commonly supplied b^^ 
springs, biU merely by the draining of the water, which 
exists within the circuit of a few yards, into a cavity. 
During severe droughts, many such wells fail, which 
shows that they are supplied only by the rain which per- 
colates from the surface, and not by deeply-seated springs. 

672. Springs in salt marshes. — There is httle difficulty 
with respect to those springs which rise in salt marshes, 
or which gush from the fissures of rocks under the sea. 
The sources of these are in the distant hills ; . or in the 
strata of the vicinity, situated higher than their outlets ; 
and the presence of the sea or marsh, it is plain, could not 
affect them, since the water from these dees not peneti^stte 
their sources. This principle will also account for such 
springs as rise on small islands, at little distances from 
the sea-shore, where they could not have been collected 
from the rain faUing there. 

673. Springs on the tops of hiUs. — There are, howevei^ 
springs which rise near the tops of hills, and which ate 
so situated as to make it apparent that their sources could 
not exist in the same hills^ nor in those in the immediate 
vicinity. The water with which such are supplied, must, 
therefore, come from the higher hills or mountains, at a 
distance, and, passing the intervening valley, rise by 
hydrostatic force to these outlets. Many rocks are so full 
of fissures, as to present no difficulty in supposing, that 
considerable rivulets might run among them, at great 
depths below the surface. Rocks also frequently contain 
large cavities, so that some rivers sink down into them, 
and disappear for miles, when they agaiij issue from their 
hiding-places, and continue their courses. In limestone 
districts, it is well known that large cavities are of com- 
mon occurrence. Perhaps, therefore, the manner in which 
water is conveyed to the springs, situated as above 
described, may be as follows : — Water, from hills at a 
distance, and more elevated than the springs, descends 
through fissures, to a cavity in the valley, which caviiy 
communicates with another fissure, running to the spring. 
In this manner the hydrostatic pressure from the highest 
hill, would overcome that from the lower one, and the watei 
woiild be perpetually transferred from one to the other. 
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Such a well exists near the'city of Hartford, called the 
Overflowing loelly and is a well-known curiosity to inquiring 
strangers, who visit the place. 

LIGN. 122. 




Eydz'ostatic springs. 

The annexed cut, Lign. 122, will make this obvious. 
The rills a, are supposed to unite, and fall into the cavity, 
below b, from which the greater pressure from a forces 
the water up the hill, through a fissure, to c, where the 
spring issues. 

674. Streams under the earth. — That water runs in 
considerable streams under the earth, and among the 
fissures of rocks, is proved by its issuing in springs, some- 
times in large quantities. Dr. Macculloch states, that a 
spring in Staffordshire, is computed to discharge more 
water annually, than all that falls in the surroimding 
country ; and the same, even to a greater degree, is true 
of that of the Sorgne, in France. 

675. Big Spring in Virginia. — A writer in Featherston- 
haugh's Journal, for August, 1831, p. 65, refers to a great 
body of water, which issues from the ground, 10 miles 
from Harrisburgh, Virginia, and which is known under 
the name of ^ Big Spring." He says : " It should rather 
be called a river, so large is the body of water which 
rises suddenly from the foot of a limestone hill, and con- 
tinues in a stream some yards in breadth, and half a foot 
deep, with force sufficient to turn two large mills imme- 
diately below." 

676. Spring at Kingston. — There is a spring at Kings- 
ton, H. L, which rises from primitive rocks, and discharges 
such a quantity of water, that a grist-mill has been 
driven by it for a great niunber of years ; and more 
recently, a large cotton factory has been erected below the 
corn-mill, which depends entirely on the water of this 
spring to turn its whole machinery. 

From these, and such like facts, there can be but little 
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doubt, that small streams^are constantly runninig undei 
ground, among the crevices of the rocks, aiMl that such 
springs are formed by a union of many of these tributaiies, 
in a similar maimer to which larger streams are formed 
on the surface of the earth, by the union of several 
smaller ones. 



CHAPTER XLVII. 

THE GLACIERS; 
THBII. MOTIONS, PHENOMENA, AND THBO&T. 

677. The attention of the scientific world has lalelj 
oeen turned to the investigation of the subject of Glaciers; 
and such has been the interest they have attracted, that 
many volumes have been written in explanation of tho 
phenomena they exhibit. Indeed, no department of Geol- 
ogy, at the present time, excites such keen interest as this. 
[t is therefore proposed here to give such an account of 
the subject as to make it clearly understood. 

678. Definition. — A glacier is an accumulation of ic« 
and snow on the side of a mountain, whose summit reaches 
the line of perpetual congelation. In general, this con- 
tinuous mass reaches down the side of the mountain 
gorge until it meets the heat of summer. The sides of 
the Alps of Switzerland, are in many directions covered 
by glaciers, and it is here that their phenomena have 
chiefly been studied. 

A glacier is not a mass of solid ice, but is loose in its 
texture, and often stratified by layers of ice and snow, al" 
temating with each other. It is rough oh the surface, and 
is better represented by a frozen torrent than a frozen laka 
In the summer season the lower part melts, and affords a 
continual flow of water. Perhaps this extremity may te^ 
minate in the very field where the crops of com and the 
green grass are growing in all their beauty and luxury. 

In the lower part, the glacier is constantly wasting by 
fusion during the summer, nor does the snow of winter, in 
many instances, compensate this loss. In the upper part, 
the heat of the summer sun also meh^ large portions of 
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the surface, but the accumulation of winter often more 
tha^n supplies this loss. If, therefore, these masses were 
fixed like the rocks on which they rest, the lower portions 
would entirely disappear, while the upper would cover the 
highest mountains by their constant increase, and yet it is 
found that ages produce little change in their relative pro- 
jwrtions. This, we shall see, is explained by the con- 
stant motion of the glacier from the mountain towards the 
valley, and yet it never leaves the mountain, nor fills the 
valley. 

679. Motion of the glacier. — Although the form or ap- 
pearance of a glacier may not, so far as the eye can detect, 
change for years, or even centuries, yet it is certain that 
the whole mass, extending many leagues in every direc- 
tion, is in constant motion down the inclined plane on 
which it rests. Nor can any impediment, such as the 
irregularity of the surface, or the narrowness of the gorge 
through which it passes, arrest this movement. This at 
first might seem an enigma of difficult solution, and yet 
no geological fact is more clearly ascertained, though the 
cause which produces a force so enormous is so entirely 
concealed — so silent in its action, as to divide the opinions 
of the acute philosophers, who have witnessed all the 
facts, as to its nature. On this point, we shall hereafter 
cite the opinions of diflTerent obsen^ers. 

680. Proofs of glacial motion — The glacial masses are 
so extensive, often 20 or 30 miles in length, and their mo- 
tions.so slow, that particular means are necessary, first, 
to detect this movement, and then to ascertain the rate of 
motion. 

In order to ascertain that these vast bodies actually 
move, some fixed object, as a permanent rock, must be 
selected as a point from which observations are to be made, 
and then taking a block of stone, resting on the surface of 
the glacier, as the moving body, and accurately' noting 
their relative positions, both the motion of the icy suface, 
and its rate, can be ascertained. ^ 

That the glaciers move, has been long since proved by 
the observations of the neighboring inhabitants, as well as 
those of philosophers. A block of stone, of peculiar shape 
or size, seen at a distance on the surface of the glacier, 
and year after year approaching the house or the field of a 
peasant, until, by the melting of the ice in summer, it was 
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left on the bare ground, would be a sufficient proof of 
motion. But philosophers have not been satisfied with 
this proof ; they have observed, scrutinized, and measured 
for themselves. 

Sometimes accident has furnished the means of ascer- 
taining the glacier motion in a very peculiar and striking 
manner. This was the case with respect to Saussure's 
ladder, a fact mentioned by many of the writers on this 
subject. This celebrated philosopher visited the Alps in 
1788 ; and, for the purpose of ascending steep places, had a 
ladder conveyed with him nearly to the head of a certain 
glacier. This ladder, it seems, was left at a certain place 
known to the guides. After a lapse of forty-four years, 
the very same ladder was found at the distance of 16,500 
feet from the place where the philosopher had left it. 

681. Rate of glacier motion. — Admitting that Saus- 
Slue's ladder traveled as stated above, its motion was 
at the rate of 375 feet per year, or a little more' than a 
foot per day. But it can hardly be otherwise than that 
the motion of these huge masses must depend on the cir- 
cumstances of inclination, the surfaces over which they 
run, perpendicular impediments, and perhaps other con- 
tingencies unknown to man. It is known that there is a 
great difference in the rates at which they move at diflfer- 
ent periods, and also that some descend nearly, if not twice 
as fast as others. 

One of the most interesting and satisfactory accounts of 
glacier motion is contained in the narrative of Professor 
Agassiz, who has written largely on this subject, his work 
being illustrated by many views, which are said to be ex- 
ceedingly correct. 

" The most incontestible proof," says he, " of the de- 
scending march of glaciers, is afforded by the observations 
which I made last year (1839) on the lower glacier of the 
Aar. My intention was to visit the point of junction of 
the glaciers of the Finster Aar, and Lauter Aar, where M. 
Hugi had constructed a cabin in 1827 for passing the 
night. We had walked for nearly four hours on the great 
medial moraine, when we discovered, all at once, a cabin, 
very solidly built. We did not think that this could be 
Hugi's cabin, for we knew that it had been constructed at 
the foot of a certain rock, which forms the angle of the 
mountain, separating the two glaciers, and we were yet a 
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great way from this rock. It also seemed that the walbv 
of the cabin were too well preserved to have resisted for 
twelve years the hurricanes of these elevated regions. It 
was, however, the very cabin of ^. Hugi, which we had 
thus recognized. We found a broken bottle under a little 
heap of stones which served to fix a long pole on an im- 
mense block of stone, situated at one side of the cabin. 
This bottle contained several papers, which informed us 
that M. Hugi had constructed this cabin in 1827, at the 
foot of a certain and well-known rock, called, in the lan- 
guage of the country, Abschwung. Another paper, in the 
hand-writing of M. Hugi, informed that in 1830 he had 
returned to his cabin, and found it several hundred feet 
below its first position ; that six years afterwards, (in 1 836,) 
he found it 2,200 feet from the foot of the rock where it 
was congtructed. We hastened, continues Prof Agassiz, 
to measure with a long cord, which we had provided, the 
distance from the cabin to the rock, and found it 4,400 
feet. This year, 1840, 1 have found the cabin much in- 
jured, but 200 feet down the inchned plane from where it 
was last year." 

682. Their motions not uniform. — From this extract we 
find, by calculating from the numbers given, that the motion 
of this glacier has been far from uniform. During the 
first nine years, from 1827 to 1836, the whole distance 
passed over, being 2,200 feet, was less than 250 feet per 
year; while during the three years from 1836 to 1839, it 
must have moved three times as fast as before, since the 
same distance was passed, making 730 feet per year. 
Whether any circumstance with respect to the position of 
the ground, or of the seasons, during these years, afford 
any data from which a conjecture might be raised to ac- 
count for this difference, we are not informed. 

Says a writer on this subject, " What curious internal 
evidence, then, does a glacier present, of the progress of 
events which have modified its surface. It is an endless 
scroll, a stream of time, upon whose stainless ground is 
engraven the succession of events, whose dates far trans- 
cend the memory of living man. Assmning, roughly, the 
length of a glacier to be 20 miles, no uncommon case, and 
the velocity of its progression one-tenth of a mile, or 500 
feet per year, the block of stone which is now being dis- 
charged from its lower or inferior surface on the terminal 
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moiaine, may have started from itfi jockj oiigin two hun- 
dred years ago." 

683. Moraine. — This is a word which often occurs in 
all recent descriptions 9f the glaciers ; and although the 
latter may occur without the former, yet so intimate is the 
connection, that no moraine exists, without at least the 
supposition of a glacier by which it has been formed. 

A moraine is the accumulation of stones, sand and earth, 
brought down and deposited by the glacier. The forma- 
tion of these deposits is explained by Prof. Agassiz as 
follows: ^Glaciers, it is well known, are continually 
moving downwards, (the cause of which will be explained 
hereafter.) In their course down the mountain, locks and 
earth are often deposited on their surfaces, being loosened 
by the frost or streams of water. These accumulations 
continue on the surface of the ice, until they reacb the val- 
ley, where the heat of summer, melting the lower part of 
the glacier, they are deposited and left on the bare gzound, 
sometimes miles in extent and many feet in thickness. 
Sometimes, also, the weight and force of the moving gla- 
cier is such as to plough up the soft earth several fieet in 
depth, carrying the soil, together with the rocks and dtones, 
forward, and finally leaving them, whenever this force is 
lost by being dissolved into water by the influence of 
summer." 

684. Glacier tables. — It is a curious fact, that although 
dark-colored blocks of stone, of all sizes, rest upon the 
surface of the icy glacier, and are there exjsosed to the 
heat of the summer sun, yet they never absorb heat so as 
to sink down into the ice by melting. The experiment of 
Franklin, in placing pieces of cloth of different colors on 
the snow, to test their respective powers of absorbing heat, 
by the distances they sunk below the surface, seems not 
to hold with respect to the glaciers. On the contrary, 
there is a continual waste of the ice around the blocks of 
stone, but not under them, so that instead of sinking 
beneath the surface, they in effect rise above it, by the 
waste which takes place around them. Thus, the stones 
are elevated on pedestals, or tables, and hence the nama 
These icy pedestals, raised in many instances several feet 
above the general level, each crowned with a stone on its 
top, are said to give some of the glaciers a singular and 
enigmatical appearance. The stranger wonders by what 
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uimeea.and mysterious power the ice has been thrown 
aoove the coqamon level, carrying with it such a huge 
l^lpck of granite. But this fact points to a most important 
oircumstance in the economy of glaciers^ namely, that 
there is a perpetual waste at their surfaces. The stone, 
therefore, by preventing this waste, is an index to the for- 
mer level of the whole mass, hke the pillars left during an 
excavation into the earth. A few authors formerly sup- 
posed that these icy tables, by some singular process, 
started up from, the general mass, but more patient and ac- 
Guxate observation has left no doubt that their origin is as 
above described, 

A very simple experiment has been made, to show the 
gradual wasting of the glacier, as it descends towards 
the valley. A bole ten feet deep being cut in the ice, a 
stick was set vertically therein, leaving a few feet above 
the surface ; when observation showed that the stick was 
several feet higher above the surface, in the autumn than 
ia the sphng. 

. $85. Composition of the glaciers. — ^It is a great mistake 
to suppose that glaciers are composed of sohd ice ; on the 
oontrary, especially near the surface, they are exceedingly 
porous, and during the summer are so soft as to allow the 
foot to sink into the surface at every step. 

The upper portion of the glacier, consisting of imcon- 
soUdated snow, is called, in French, n^v^. As we approach 
this part, the fissures or crevices, which in the lower parts 
are very common, become more rare, and are always nar- 
row. At the elevation of about 8,000 feet, the winter's 
snow lies all summer, with very httle melting. It, how- 
ever, gradually becomes more and more solid, and the new 
snow is always easily distinguished from the old, by the 
icy texture of the latter. This portion of the glacier often 
presents a magnificent prospect, the surface being smooth 
and level, like an artificial floor stretched across the 
valley. Above, and on the right and left of this dazzUng 
carpet, arise himdreds of nameless peaks, seeming to pierce 
the skies, whose azure hue is so intense as to find no 
match in nature, save the gentian, which often expands, 
in all its beauty, close to the perpetual snow of the glacier. 

The sides, scathed by hghtning and torn by the ava- 
lanche, scarcely permit a resting-place for the snow, which 
accumulates in dazzUng wreaths only in its sheltered 
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nooks Each of these pinnacles, transported to an ordinaij 
scene, would seem one of nature's grandest objects ; but 
here it is lost amidst the crowd of its fellows. But a few 
of them have any specific names, and still fewer are to be 
found indicated on the most accurate maps of the Alps. 

The structure and consistence of this part of the glacier, 
are very remakable. It is evidently snow, in the act of 
passing into ice, having a granular structure, resulting 
from the partial thaw to which it has been subjected. On 
the flanks of the mountains, and even on their summits, 
the snow is often consolidated into a compact icy struc- 
ture, alternating, however, in the more sheltered places, 
with crisp snow, which separates the icy layers, charac- 
teristic, also, of the proper nev6. 

That true ice should be found on the highest summits, 
and above what is considered the line of perpetual conge- 
lation, is not a matter of surprise to those who reflect that 
the sun acts at these elevations, with an intensity unknown 
below ; and although the continued accumulation of snow 
is no doubt mainly prevented by the action of wind, 
(which may be seen driving to leeward • a delicate cloud 
of snowy particles, having all the appearance of the finest 
vapor,) and likewise by the immediate evaporation of the 
snow, without passing into water ; yet there can be no 
question that every hot summer's day fuses a portion of 
the snow, which is turned into ice the succeeding night, 
forming a true icy crust on the most insulated summits, 
where the snow can find a resting-place. 

Sometimes these icy crusts accumulate in thickness by 
the accession of new falls of snow, so as to project several 
feet over the most awful precipices. This crust, pierced . 
or broken inadvertently, may bring the unwary pedestrian 
into the most perilous situation, or even sacrifice his life. 
M. Hugi describes such an instance in his own case. 
While attempting to ascend the Finster Aar Horn, he 
broke, by his weight, through a cornice of ice, such as we 
have described, only two feet thick, and projecting over a 
sheer precipice of 4,000 feet, or more than three-fourths of 
a mile in depth. Fortunately, at this awful moment, one 
of his companions had, for security, taken hold of a long 
staff which Hugi carried in his hand ; and now, the 
footholds of both giving way, they were suspended, each 
at the end of the pole, in frightful equilibrium, as at the 
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aims of a balance, until their guides providentially canie 
to their rescue. 

686. Gravel cones. — We have already seen that the 
glaciers bear on their surfaces quantities of broken stone, 
of various sizes, the products of disintegrated mountains, 
which have been precipitated from their resting-places by 
the winter's frost, or the summer's avalanche. In addition 
to this detritus, many glaciers are covered with a number 
of gravel cones, whose sizes and regularity astonish and 
perplex the beholder. Some of them are 15 or 20 feet in 
height, and 70 or 80 feet in circumference. At first sight, 
no one would doubt but these are solid heaps of sand. In 
shape and appearance, they resemble enormous ant-hills ; 
and while the spectator is curious to know how it is 
possible for such objects to obtain such a place, his wonder 
is raised at the fact, that sand and gravel could possibly 
retain such a shape. But, on further examination, he 
finally arrives at the no less marvelous truth, that what 
he mistook for heaps of sand, are solid ice, within a 
small distance under their surfaces. The manner in 
which they are formed, appears to be this : Suppose a 
heap of sand, a few feet, or more, high, poured on a fiat 
surface of ice. During the summer, the sun melts the ice 
in all directions, except where it is protected by the sand, 
and thus in effect the sand rises, while the surrounding 
ice sinks , and this being continued, year after year, a 
cone of ice is formed within, being protected and covered 
by the sand without. 

687. Theory of the movement of glaciers. — While all 
attentive observers agree that the glacier has a motion 
down the side of the mountain, and sometimes in its lower 
part, even on a level plain, there is much diversity of 
opinion with respect to the cause of this movement ; nor 
can this excite our surprise, since this cause, whatever it 
may be, is so secret and silent, that even the effect can- 
not be detected without careful observation. 

The most voluminous and able writer on this subject 
M. Agassiz, attributes this motion to the expansion of the 
glacier itself, this expansion being caused by the infiltra- 
tion of water into the ice and snow, during the summer, 
and the freezing of the same during the winter. The 
expansion of water, in the act of freezing, is considerable j 
and, it is well known, exerts a force equal to the bursting 
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of beaT J cainnnn. It is true that this foree acts in ewe^ 
direction ; but it must be lemembeied tbat, in the pnseol 
case, the uppa end of the ice rests against the side of the 
mountain; and« thereibie, that there is a banier to its 
motion in that direction, so that the movemmt must be 
downward, if at alL Now, were the motion of the glacier 
owing to this cause alone, it ought to take place oolj at 
the beginning of winter, or at the time when the water k 
converted into ice; for, after this, the expansion ceases. It 
is, however, true, that during the cold of wintei; the fimst 
reaches deeper and deeper into the ice, so that this foice, 
though at first only exerted at the surface, finally reaches 
many feet, or even yards, into the mass. This exptaaaaa 
below, would of course occasion fissures, by the cracking 
of the ice at the surface, which acconhngly are found in 
all the glaciers. Sometimes, however, they are several 
hundred feet deep, and, therefore, must be due to other 
causes than the percolation and freezing. 

Professor Foibes, a recent writer on the subject, vho^ it 
appears, has spent ten summers among the Alps, denies that 
the motions of the glaciers are due to the expansioo of th# 
water, by freezing ; for, Jirst^ the water penxdates to but 
a small distance during the sumn^r ; second^ were thifi 
the true theory, the motion ought to be greatest dming 
winter; thirds the motion is much greater during the 
smnmer-thaws than at any other season. Former writers 
supposed the motion was owing to gravity, there never 
being such an attachment by frost, between the ice and 
the ground, or rocks, as to prevent a sliding movement 
down the mountain. On the contrary, it is said the 
glacier moves even where the declivity is very slight, the 
inclination being no more than five degrees, or not so grea,t 
as to prevent a loaded team from passing up it. 

688. What is a glacier ? — To this question, Professor 
Forbes answers : "A snow-clad mountain is not a glacieir* 
The common form pf a glacier, is a river of ice, filling a 
valley, and pouring down its mass into valleys still lower. 
It is not a frozen ocean, but a frozen torrent. Its origin, 
or fountain, is in the ramification of the higher valleys and 
gorges, which descend among the mountains, perpetually 
snow-clad. But what gives a glacier its most pecuUar 
and characteristic feature, is, that it does not beloiiig 
exclusively, or necessarily, to the snowy region. Ti^p 
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snow disappears from its surface in summer, as regularly 
as from that of the rocks that sustain its mass. Its gelid 
masses protrude into the midst of warm and pine-clad 
slopes and green sward, sometimes reaching to the borders 
of cultivation. The very huts of the peasantry are some- 
times invaded by this moving ice, and many persons now 
living, have seen the full ears of com touching the 
glacier, or gathered ripe cherries from the tree, with one 
foot standing on the ice." 

Such being the nature and phenomenon of the glacier, 
Prof Fotbes, after examining and setting aside the chief 
previous theories, announces his own, as follows: — ^A 
glacier is an imperfect fluid^ or a viscous body^ which is urged 
down slopes of a certain inclination^ by the mutual pressure 
of its parts?^ 

It is, therefore, the gravity of its own mass, by which it 
is urged forward, and this he illustrates by such examples 
as melted tar, mortar and treacle, moving down an inclined 
plane, which is steep at the part where the motion com- 
mences, but gradually diminishes, until it becomes nearly 
level, where the motion ends, this being the form of most 
glacier-beds. 

Considering the semi-fluid consistence of the mass, 
which other writeils have not insisted on. Prof Forbes' 
theory, we think, best accounts for the phenomena in 
question. It is, in fact, a gelatinous mass, but sufliciently 
fluid to observe the same laws as running water, moving 
faster in warm weather than in cold — ^the centre flowing 
more rapidly than the sides, and the top faster than the 
bottom, owing to these portions being retarded by friction. 

M. Agassiz supposes that large tracts of country were 
anciently covered with glaciers, and in that manner 
accounts for those immense accmnulations of stones which 
have so long puzzled geological inquirers, and which some 
have supposed that the deluge swept together. Since 
this theory has been published, geological appearances 
have been explained, which before were a mystery in 
many parts of the world. In Scotland, Ireland and Eng- 
land, accumulations of stones and rocks, before unaccount- 
able, are now seen to be moraines^ and in this country the 
same theory very satisfactorily accounts for the same facts. 
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691. Human bbhain3 at Ovadaloupe. — The limestone 
of Ouadaloupe, celebrated all over the geological world, 
and mentioned in eveiy book on fossib, during the last 
half century, is the only place where human remains have 
been found imbedded in solid rock. This seems to have 
been formed, and ia said to be atill forming, in the follow- 
ing manner: 

692. Mode of fwmalion. — The coral reefs, which sur- 
round the island, are worn and abraded by the incessant 
action of the waves, and the detritus thus occasioned, ia 
washed to the shore in the state of coralline sand, or mud, 
where, by the action of the atmosphere, or streams holding 
carbonate of lime in solution, the mass becomes indurat^ 
into a compact limestone. It is quite evident that the 
rock was in a soft and yielding slate when these skele- 
tons were imbedded in it ; and it is also ascertained that 
Ihe bones are not fossilized, but retain their animal matter, 
as gluten and phosphate of lime. The modem origin of 
the rock ia alao proved by its containing land-shells, fraC- 



. 994 T068IL HUMAN BOHnOk 

menu of potteij, etoiie anow-headi^ 'andiCavfed wooden 
ornaments. ■ 

693. The skeletons. — The bones, in most instances, are 
separated and dispersed, probably by the action of the 
waves ; but, in one instance, a lar^e slab was raised up, 
which contains imbedded in it, a considerable proportion 
of a female skeleton. This is now ia^the British Museum, 
and is here represented by Lign. 123. This celebrated relic 
embraces the chief parts of the human skeleton, with the 
exception of the head and feet, the whole being fastened 
to the slab of limestone, ormther partly imbedded in it, by 
the calcareous matter of which the rock itself is formed. 

694. The skull. — ^It is, perhaps, a remarkable fact, that 
the head of this very specimen, now b^ongs to the mu- 
seum of the Medical College in South Carolina, having 
been purchased of a French naturalist, who procured it at 
Guadaloupe. It has been examined by Prof Moultrie, of 
that College ; who, as stated by Dr. Mantell, pronounces 
it to be a skull belonging to one of the Peruvian races. 
This, however, does not agree with the tmdition of its 
origin, which is as follows : Gen. Emeuf, a French miU- 
tary officer, having examined all the circumstances within 
his reach, concerning this famous deposit, ascertained that 
there had been a battle near this spot, between two tribes 
of the former natives of the island, about 130 years ago; 
and it was conjectured that the bodies of the slain had 
been interred near the shore; the skeletons afterwards 
having been imbedded by the water, which converted the 
sand into solid rock, by the deposition of calcareous matter. 

695. Other skeletons from the same place. — Many himian 
bones have been found at this locahty, but most often in 
detached parts, or fragments. There is, however, in Cu- 
mer*s Theory of the Earthy a description or figure of a 
human skeleton, from Guadaloupe. It is not entire ; the 
head, feet, and some other parts, being absent. This ap- 
pears to have been buried in the sitting posture. It is still 
preserved in the Museum of the Garden of Plants in Paris. 

696. Human body found at Gibraltar. — The following is 
from the United States Literary Gazette^and appears to bear 
the marks of truth, though not the language of science: 

In March, 1845, the Chief Justice of Gibraltar, while 
making repairs about his house, had occasion to dig near 
the foundation, and while thus engaged, one of the work- 
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men discovered a deep fissure in the rock. Into this the 
Chief Justice, and several of his men, ventured ; and after 
having descended ahout 40 feet, nearly in a perpendicular 
direction, came to a narrow passage, which led to a most 
beautiful cave, where stalactites were hanging in abun- 
dance, some of them as white as snow, and in the shape of 
cauliflowers. In the midst of this was a human skeleton, 
sticking fast to the rock, and the bones of a dog beside 
those of his master. The Chief Justice's house, which is 
an old one, is immediately over the cave. I walked out 
on the 4th instant, to examine these bones. It is quite 
melancholy to see the skull ; the water has dropped down 
on the lower jaw, and, there leaving the lime it contained, 
has given it the appearance of a beard. 

Some parts appear to be entirely petrified; but the scalp 
still remiBlins, and the veins on the left side are quite dis- 
tinct, ^his part is turned into stone, or is covered by the 
stalactite, which is chipped off here and there, down to the 
bone of the skull, which is white, like ivory. The nose, 
likewisev^as not decayed, but the parts about it are also 
stone. The bones of the right hand were fastened to the 
right siddjof the head^ so that the poor creature has the 
appearance of having hrid down and died, very probably, 
by starvation, with his hand under his head, which is half 
turned roimd, as if he, or she, had been looking up. The 
entire set of teeth were beautifully perfect; but the front 
ones of the lower jaw dropped out when it was moved. 
There is some of the back-bone, arm-bones, ribs, and thigh ; 
in fact, I believe they have them all complete. The bones 
of the dog lay beside the hirnian bones. 

Remarks. — ^This discovery will not at all surprise those 
who are aware that the rock of Gibraltar is a cavernous 
limestone, and that several fissutes and apartments, con- 
taining stalactites, have been long known to the inhabit- 
ants, and are shown to strangers as geological wonders. 
This appears to have been a newly^discovered fissure, into 
which some unfortunate man and his dog had been precip- 
itated; and there having perished, the remains were covered 
with stalactical hme, (347,) from the dripping of the water. 

IMPB.E8SI0NS. OF HUMAN F£ET IN SANDSTONE. 

697. ^ In connection with the occurrence of human 
li^iies in limeBtoM^" says Dr. Mant^U, ^I will here notioe 
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a (bacoraj of the higbest interest, but which bss not jet 
excited, among scientific obscners, the attention which it* 
importance demands. 1 allude to the fact announced ia 
the American Journal of Science, (toL v. for 1822,) of im- 
FCraciona of human feet in aand^tone, discoTered. many 
jwan ag:a, in a quan; at St. Louis, on ' ■ ■ 
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698. "The above Lignograph is an exact copj of the 
original drawing, and exhibits the impresBions of the soles 
of two corresponding human feet, placed at a short dis- 
tance from each other, as of an individual standing 
upright in an easj position. The prints are described as 
presenting the perfect impress of the feet and toes, ex- 
hibiting the form of the muscles, and the flexures of the 
skin, as if an accurate cast had been taken in a soft 
substance." 

"They were at first supposed to have been cut in the 
stone, by the native Indians ; but a little reflection sufficed 
to show that they were beyond the efibrte of those rude 
children of nature ; since they evinced a skill, and fidehty 
of execution, which even my distinguished friend, Sir 
Francis Chantrey, could not have surpassed. No doubt 
exists in my mind, that they are the actual prints of 
human feet in soft sand, which was quickly convMted 
mto solid rock, by the infiltntion of sdid ntattor. Tfa4 
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length of the foot is ten inches and a half; the spresul of 
the toes four inches, indicating the usual stature; and the 
nature of the impi^ssion shows that the feet were uncon- 
fined by shoes or sandals." — Wonders, p. 77. 

These foot-prints, as we see from the above marks of 
interest in the mind of Dr. Mantell, created quite a sen- 
sation among geological inquirers; but on more close 
examination of the prints themselves, and inquiry into 
the circumstances, it is now beheved that thej are not nat- 
ural, but artificial marks, made by a stone-chisel, or some 
other instrument. 



CHAPTER XLIX. 

COINCIDENCE OF GEOLOGY WITH THE MOSAIC flISTO&T. 

699. Attempts to show that Moses and geology disagree.^^ 
Almost from the commencement of geological investiga- 
tions, designing men have attempted to show, that the 
physical histoiy of the earth, by geologists, and the Scrip- 
ture history of the creation by Moses, could not be recon- 
ciled ; that the former presented facts, which were incom- 
patible with the latter ; and that, therefore, revelation and 
reason were in opposition to each other. 

700. The church looked with jealousy on this subject. — 
Hence it was, that in the early history of this science, the 
church looked with jealousy upon these investigations, 
and even went so far as to restrict philosophers in their 
pursuits, or, at least, in their publications, and to denoimce 
those who pretended to make discoveries, which they 
could not reconcile with the Mosaic record. 

701. Time was wanted. — ^Judging from the effects of 
causes now in operation on the surface of the earth, it was 
supposed impossible that the deep strata found in many 
places could have been formed within the narrow period 
assigned by the sacred history. The whole earth, indeed, 
seemed to bear such marks of antiquity, as could not be 
reconciled with any hypothesis of its recent origin. Tims 
was therefore wanted ; for the cosmogonist found that it 
was impossible to bound his speculations within the con* 
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fined limits allowed by Moses. It was conseguently 
necessary that he should either come out boldly, and deny 
that authority, or invent some new interpretation of the 
text, by which the scope of his retrospective vision should 
be free and unbounded. 

702. Whtston^s proposition. — In this dilemma, the cele- 
brated theorist Whiston, in 1696, proposed that the book of 
Genesis should be so interpreted as to allow geologists fiill 
scope for their cosmogonies, without being suspected of 
heretical opmions ; and thus were the Scriptures made to 
bow down before geology. 

703. The church at the present day have no fears of geology. 
— It must be remembered that it was in the infancy of 
geology, that the ministers of religion were afraid that 
such investigations would encourage infidelity, by the dis- 
covery of facts which could not be explained so as to 
accord with Scripture history. At the present time, when 
geology is reduced to a regular and important science, and 
when the progress of discovery, in its several branches, is 
not only seen with approbation by Christian philosophers, 
but its investigations are carried on by men of superior 
minds and attainments, including many of the sacred pro- 
fession, there is no longer any fear that the structure of 
the earth, when describeid by learned and sincere men, will 
appear in collision with the history of the creation, or that 
science and religion will not harmonize in all their relations. 

704. Dr. Buckland on the consistency of geology and the 
Scriptures. — ^'' It would seem just matter of surprise, that 
many learned and religious men should regard with jeal- 
ousy and suspicion the study of any natural phenomena, 
which abound with proofs of some of the highest attri- 
butes of the Deity ; and should receive with distrust, or 
total incredulity, the announcement of conclusions, which 
the geologist deduces from careful and patient investiga- 
tions of the facts which it is his province to explore. 
These doubts and difficulties result from the disclosures 
made by geology, respectin/^ the lapse of very long periods 
of time before the creation of man. Minds which have 
long been accustomed to date the origin of the universe, as 
well as that of the human race, from an era of about six 
thousand years ago, receive reluctantly any informatiohj 
which, if true, demands some new modification of their 
present ideas of cosmogony; and:«8,in this lespecft, g^' 
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<igy has shared the fate of other infant sciences, in being 
for a while considered hostile to revealed religion ; so Uke 
them, when fully understood, it will be found a potent and 
consistent auxiliaiy to it, exalting our conviction of the 
power, and wisdom, and goodness of the Creator." — Bd.p. 1 8. 
705. No discrepancy between the words, and the works of 
God. — ^ No reasonable man can doubt that all the phe- 
nomena of the natural world derive their origin from God ; 
and no one who believes the Bible to be the word of God, 
has cause to fear any discrepancy between this, his word, 
and the results of any discoveries respecting the nature of 
his works ; but the early and deliberate stages of scientific 
discovery are always of perplexity and alarm, and during 
these stages, the human mind is naturally circumspect, 
and slow to admit new conclusions in any department of 
knowledge. The prejudiced persecutors of Gkilileo appre- 
hended danger to religion from the discoveries of a science, 
in which a Kepler and a Newton foimd demonstrations of 
the most sublime and glorious attributes of the Creator. "-^- 
Bd. p. 19. 

- 706. Inspiration and nature do not differ. — ^Now, we have 
the satisfaction of believing, with Dr. Buckland, that the 
systems of inspiration and nature have both emanated from 
the same divine authority, and that, when both are rightlv 
tmderstood, they will coincide with each other ; and it will 
be our object to show, in the following pages, that even 
taking the Scriptures in their most obvious meaning, there 
is still no want of harmony between them and natural 

Shenomena — at least so far as relates to geology and the 
losaic history. 

CS.EATION OF HEAVEN AND EAX.TH. 

707. Genesis I I. — ^"In the beginning, God created the 
heaven and the earth." — That is, in the beginning of time, 
the earth was created ; for, before this creation, there was 
nothing by which time could be measured: all was 
eternity. 

708. This creation distinct from what follows. — The 
terms here employed, and the full period which the sen- 
tence requires, seem to indicate that the language is 
intended to show that the creation here referred to, had no 
connection ¥ath what follows. 

The creation of the heaven and the earth must ther^ 
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fore, we think, be considered a separate and independent 
act, from those which afterwards set the sun and moon in 
their places, and called into existence the beings by which 
the earth was inhabited. 

709. We know nothing of the period of this creation, — 
How long before the six days' work, described by Moses, 
the heavens and the earth were created, we are not 
informed, and, therefore, all speculation on this point is 
useless. Had it been important for man to know the dis- 
tance between these two periods, it would have been com- 
municated to the historian, and recor(jled for his benefit. 
All the knowledge we possess concerning this period is, 
that it extends from the " beginning," down to the time 
when Grod said " Let there be light ;" this being the first 
act of creation described by Moses. 

710. Ample time here for geological speculations. — From 
the " beginning," therefore, down to the creation of the sun, 
we see no reason why geologists may not take the ad- 
vantage of an indefinite period of time, without encroach- 
ing in the least on Scripture authority. Instead of con- 
sidering a Mosaic day — that is, from morning to evening — 
a time of indefinite length, and thus making six indefinite 
periods, as some geological writers have done, we see here 
no difficulty in obtaining a period of sufficient length for 
the speculations of any world-maker, and that, too, by at 
least negative Scripture authority, provided his retrospec- 
tive vision does not extend beyond the ^ beginning." 

711. Verse 2. " The earth was without form an^ void, 
and darkness was upon the face of the deep." 

The meaning of this verse appears to be, that from the 
beginning — that is, from its creation down to the time of 
Moses — the earth had been in a dark and unformed, or cha- 
otic state. It had not been brought into a condition fit for 
the residence of man, and other animals. It was probably 
in total darkness, for the light had not yet been caUed into 
existence. It appears also to have been surrounded by water, 
since the ^deep^^ (that is,the sea, not the earth,) is spoken of. 

712. Verse 3. "And God said, Let there be light ; and 
there was light :" in Hebrew, " light was." 

Whence did the first light emanate. — This is the first act 
of creation in the series afterwards described by the his- 
torian, and various opinions have been advanced concern- 
ing the natiue of this light, and the source whence it pro- 
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ceeded. Some have supposed that it was electrical, and 
others phosphorescent ; and, in either case, that it did not 
emanate from a fixed point, but that it was diffused through 
the space surrounding the earth. Others have ascribed it 
to a meteor, which was created for the purpose of enlight- 
ening the earth during the first three days, and before the 
Sim was created. But there is neither authority nor 
analogy for such a supposition ; and it would even be der- 
ogating from the wisdom and power of Him who, three 
days after, set the great lights in the firmament, to believe 
that He should have created an evanescent one, for the 
use of the earth, while as yet it contained neither plant 
nor animal. 

Verses 4, 5. " And God divided the light from the dark- 
ness." " And the evening and the morning, were the first 
day." 

713. The light must have come from a fixed point. — 
Whatever might have been the source whence this light 
came, it is evident, yrom this declaration, that it could not 
have been generally diffused around the earth ; for had this 
been the case, it is impossible for us to comprehend how it 
could have been divided from the darkness. On the con- 
trary, the terms of the record leave no doubt that at this 
time the earth had already commenced her diurnal revolu- 
tions ; and the light, emanating from a fixed point, the sun, 
was divided from the darkness, by the first succession of 
day and night. This is, in truth, affirmed by what next 
follows : " And God called the light day^ and the dark- 
ness he called night P 

714. Verse 6. "And God said let there be a firmament 
in the midst of the waters, and let it divide the waters 
from the waters." 

The meaning of firmament — The original Hebrew word 
means expansion. It is rakaiah^ which comes from a root, 
signifjang to stretch out^ or expand like a curtain. — Bush 
on Genesis. 

Verse 8. "And God called the firmament heaven." 
It is apparent that Moses intended to adapt his account 
of the creation to unlettered common sense, and to describe 
natural events as they would have struck the eye of a 
common observer, had he been present at the creation, and 
witnessed the several events. Hence, the firmament is 
called heaven, because it is placed over our heads ; and for 

34* 
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the same reason, the sun, moon, and stars, are said to be 

g laced in the firmament. Now, heaven, as the wcnrd is 
ere employed, means nothing more than the blue vault 
of the sky, and therefore is synonymous with firmament. 
Firmament is the atmosphere which we breathe, and 
which, science has taught us, reaches to the height of 
about 45 miles, from every part of the earth's surface. 

Now, the stars- are millions of miles beyond this firma- 
ment ; but since they are seen through^ they appear to us 
to be placed in it, and the Mosaic histor}' is adapted to 
this illusion. 

Verse 7. " And Grod made the firmament, and divided the 
waters which were under the iinnament, from the waters 
which were above the firmament." 

715. Water absorbed by the atmosphere. — By this act, 
the atmosphere was made to absorb a part of the waters 
which had previously surrounded the earth, and thus to 
elevate them above its surface. The quantity of moisture 
contained in the atmosphere, differs greatly in different 
countries, and at different times ; but that it is capable of 
elevating large quantities of water, is suflciently proved 
by the profusion of rain which falls from it to the earth. 

The atmosphere is incapable of absorbing any of the 
solid ingredients with which the water on the earth, or in 
the sea, is mixed ; a striking mark of design, for were the 
salt of the sea, as well as many light materials of the 
earth, taken up with the water, and sent down in the form 
of rain, not only most of the vegetable kingdom would be 
destroyed, but also all terrene animals. 

716. Ver. 16-18. "And God made two great lights, 
the greater light to rule the day, and the lesser light to 
rule the night ; he made the stars also." " And set them 
in the firmament of the heaven, to give hght upon the 
earth, and to rule over the day." 

This was the fourth day's work. 

717. Difference between ^'made^^ and ^^ created — The 
original of the word made^ is not the same with that 
rendered create. The latter term signifies reform^ or 
renovate^ while the former more often implies constituted^ 
or set apart. — .Bush on Genesis. 

Sun and moon made to appear. — The language does not, 
therefore, necessarily imply, that the sun and moon were 
created on the fourth day, but only that they were mad<^ 
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to appear, and act as rulers over the day and night, at 
that time. If we believe that Moses stated the story of 
the creation, as it would have appeared to human eyes at 
the time, as already supposed, these luminaries would, 
undoubtedly, have seemed a new creation ; when, in truth, 
they might have existed from the instant when Gbd said, 
" Let there be light." 

718. Earth surrounded with vapors. — We infer that the 
sun might have existed, without being seen, from the 
circumstance that the newly-renovated earth must have 
been surrounded with dense vapors, since, until the third 
day, when the land appeared, the atmosphere rested on a 
continuous ocean of water. The ndst, spoken of after- 
wards, shows that the earth supplied the atmosphere 
with abundance of moisture, for some time after the land 
appeared. '■ Hence, there is nothing to prevent the supposi- 
tion, that the clouds of moisture prevented the sea from 
being seen imtil the fourth day, when these were con- 
d^ised or swept away, and the sun shone, for the first 
time, in all his gloiy ; and, to a witness of the circum- 
stances, this would have appeared as a new creation. It is, 
therefore, not incompatible with the terms of the history, 
to believe that when God said, ^'Let there be light," the 
fHm came into existence, though it did not shine upon the 
earth until the fourth day. 

7 19. Signs, seasons, days and years. — Besides dividing 
the light from the darkness, and ruling the day, the sun 
and moon were to be for ^ for signs, cmd for seasons, and 
for days, and years." 

The ■ seasons. — The vicissitudes of the seasons are 
,t»iused by the revolutions of the esurth around the sun, 
together with the obliquity of the earth's axis. It is, 
therefore, W:el] known that it is by the real motion of the 
earth tuniund. the sun, instead of the apparent motion of 
the: sua, that; the chanjg^ are produced. The language, 
however, is in conformity with that employed in the other 
-parts < of the history, the appearances being described 
without reference to their real causes. 

720. ' The word ^ day." — That the historian here meant, 
by the word day, the time included between two settings 
of the sun, or a period which we call 24 hours, instead 
of an indefinite period, as some have claimed, for the 
days of creation — that by the word seasons^ he meant 
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Uie common seasons of the year ; and that by this term 
m\is signified from spring to spring again, we believe no 
one will deny, who desires to give the Scriptures a fair 
and honest interpretation. 

721. Verse 20. "God said, Let the waters bring forth 
abundantly the moving creature that hath hfe, and fowl 
that may fly above the earth in the open firmament of 
heaven." 

722. Creeping instead of moving. — Conmientators say 
that this is often rendered creeping, instead of moving 
creatures. The word is said to be derived from a verb, 
which signifies to hiing forth abundantly, so that the trans- 
lation ought not to be creeping, but the rapidly-multiplying 

CREATURES. 

The meaning is obviously intended to include the 
larger reptiles, as well as all the small animals inhabiting 
the sea, as insects, worms, and shell-fish, many tribes of 
^hich are known to be exceedingly prolific. 

723. Creation of the mammalia and man, — On the sixth 
and last day of the creation, the beasts of the earth, cattle 
after their kind, and lastly man, were brought into exist- 
ence. The "beast," and " cattle," are supposed to include 
that whole class of the animal kingdom, now called 
mammalia, or milk-giving quadrupeds, the amphibious 
quadrupeds having been created on the fifth day. 

MOSAIC AND NATURAL SYSTEMS OF PLANTS. 

724. It is a singular and remarkable fact, we believe 
not hitherto noticed by any writer, that there is a striking 
coincidence between the divisions of the vegetable king- 
dom, as described by Moses, and the most perfect natural 
systems of Botany of the present day. 

After the earth was prepared for vegetation, "God said, 
Let the earth bring forth grass, the herb yielding seed, 
and the fruit-tree jdelding fruit after his kind, whose seed 
is in itself, upon the earth ; and it was so."-^w. 1 1. 

Instead of grass, the Hebrew means tender, or budding- 
grass, or grass sprouts, (marginal reference,) thus appa- 
rently intending to include all the small, or inferior plants, 
with which the earth is clothed, and which, to common 
observation, spring up without seeds, or are propagated by 
the roots. Many low plants, of the moss tribes, also bear 
capsules, which appear like buds, (budding-grass,) though 
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they produce no flowers or visible seeds ; and these, in 
popular language, would come under the general denomi- 
nation of " grass." 

725. Cryptogamia. — The terms, therefore, warrant us 
in the conclusion, that in this division, the author intended 
to embrace generally, those plants which give verdure to 
the fields, but whose seeds were concealed, or not apparent, 
and thus to distinguish them from the herb-yielding seed, 
or those whose seeds form the most obvious part of the 
plant. This division would, therefore, embrace those 
tribes now known by botanists under the title of Ciyptoga- 
mous, or flowerless plants, (61.) 

726. Monocotyledons. — The "herb-yielding" seed, by 
the most obvious construction, applies to the grand natural 
division of plants, now called Monocotyledonous, or such 
as produce seed with a single lobe, (63,) as wheat ^ barley^ 
hroom-com, rye^ millet.^ &c. Hence, ^ seed-yielding plants " 
would be a very obvious and natural distinction of this 
order, the seeds themselves being the most conspicuous 
part of the plants, and would most readily separate them 
from the cryptogamia, where no seeds are to be seen. 

727. Dicotyledons. — ^ The tree yielding fruit, whose 
seed is in itself," that is, in the fruit, is a description which 
clearly proves a third grand division of the vegetable 
kingdom. This division was, undoubtedly, intended to 
include the larger vegetables or trees ; and the description 
applies with singular accuracy to many of the most 
common fruit-bearing plants in all parts of the world. 
The apple^ pear^ peach, almond, grape, bread-fruit, orange, 
chestnut, oak, bean, pea, and many other domestic, as well 
as forest plants, which, from the most ancient times, have 
been known, and most highly esteemed, bear their seeds 
within their fruits, and are , thus naturally distinguished 
from wheat, barley, oats, and other plants of this kind, 
where the seeds are apparent to the sight. This division, 
therefore, corresponds to the present class in natural 
botany, called dicotyledonous, (64,) or plants with two 
seed-lobes, and which class includes many of the most 
important vegetables in every temperate climate. 

628. Conclusion. — Thus do we arrive at the most re- 
markable, and, indeed, surprising fact, which we believe 
no naturalist has before noticed, that the three grand 
di\nsions of the vegetable kingdom, made by the Scrip- 
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tures, not only bear analogy to the most impioved natural 
system of botany at the present day, but that the two sys- 
tems are, in the outline, identical; and it is worthy of 
notice, that the existence of this analogy is owing to the 
perfection to which natural botany has been brought, by 
the recent investigations of profound naturalists. 

Thus do philosophers, imawares, confirm the inspiration 
of the Holy Scriptiures ; for there is not the shghtest fN:oba- 
bihty that the system of Moses could have been founded 
on any practical knowledge of botany, at least as a sys- 
tem; and, therefore, such an arrangement could not have 
been derived from any himian source. 

DATS OF CREATION. 

We have already noticed that some geological writers 
have proposed to gain time for the formation of stratified 
rocks, by extending the da3rs of creation to indefinite pe- 
riods. It is believed that no one will deny,- that whatever 
may be said of the prophecies, the narratives of the Old 
Testament were intended, by their authors, to be under- 
stood by ordinary capacities ; nor will it be claimed that 
the author of Genesis has been so inconsistent with 
himself, ias, on that account, to raise a suspicion of his 
veracity. 

If an author uses the same terms in different places, and 
apparently in the same sense, we are bound to beheve that 
he means the same thing in every case. If he intends to 
convey different ideas by the same terms, standing in sim- 
ilar connections, and this without warning his readers, he 
cannot be a correct writer, because he is not only incon- 
sistent with himself, but cannot be understood. 

Now, in applying these propositions to the author of 
Genesis, we there find that in his narrative of the work of 
creation, he states that the whole was performed in six 
days, each day's work being described by itself, and every 
day carefully numbered, that in so important a work, there 
should be no doubt with respect to the succession of the 
several creations, or the time when the whole was finished. 

The same author has also written a narrative of the 
destruction of the ancient world by a flood of water. In 
this he states that ''the flood was forty days upon the 
mrth ;" or, that it rained forty days, and that ^ the waters 
prevailed upon the earth an hundred and fifty dajifsJ* 
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Now, these historical events being from the same pen-r- 
being also in conneclion, as parts of the same general 
iiialtxy, and the wold day, being emploj'ed in the Rtuue 
unqualified- manner in both — no reader can doubt, if the 
comman translations convey the meaning of the hiBtorian, 
that he intended that the same word should be understood 
to Bigoifjr the same period of time in both narratives. 

From the statements of Moaes, therefore, we are as fully 
entitled to the belief^ that the waters of the deluge pre- 
vailed upon the earth for an indefinite period, or, that a 
daj of the deluge was a thousand years, and thus, that 
its waters covered the earth for the term of 150^00 yean, 
u, we are to believe that a day of the creation was a 
period of 1,000 years, and thus that 6,000 years were <K: 
cupied in the work of creation. 

Besides, if these days were periods of 1,000 years, how 
can it be said that the sun and moon were to be "for signs, 
and for seasons, and for day, and years ;" and what . 
must the author have understood the length of these 
several periods to be! 

Again: "Sixdaysshalt thou labor, and do all thy work, 
but the seventh day is the sabbath of the Lord thy God ; in 
it thou shall not do (Liiywofk." "Forinsixdays the Lord 
made heaven and earth, the sen, and all that in them is, 
and rested the seventh day. Wherefore, the Lord blessed 
the sabbath day, and hiillowed it." — Ei-. kk. 

No one will deny that this commriridmcnt wn.s expressly 
founded on the fiict, that the work of cri.Miioii, described 
by Moses, was finished in six days, and tliiit thi< command- 
ment was to be in imitation, and perpetual cumrnemoration 
of that event, '[Six days ahalt thou labor, ami do all thy 
work." "for iii six days the Lord i^iade heaven and 
earth." 

Now, Christi.ans universally believe thnl thi? conamand- 
ment was meant, by the Creator, to enforce on them the 
duty of resting from their labors every seventh day, in 
commemoration of his example, after the work of the 
creation. But we would inquire of those who contend 
that geology makes it necessary to extend these days to 
1,000 years, how men, with lives of only three score and 
ten years, can fulfil this commandment? 

Besides, do we not impudently derogate from the al> 
mighty power of Him who "spalce, tuid it was done!' 
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who said, "Let there be light, and light was!" and "who 
created all things by the word of his power," by euppoeing 
that such a God was occupied thousands of years in cie- 
«ting this little earth, and the beings which inhabit it} If 
the stars are suns to other planetary systems, what a 
mote OUT world must be, in comparison with the whole! 
And yet the Creator of the '- heavens and the earth," no 
doubt, had the power of bringing the whole into existence 
in an instant of time. Otherwise, His power could not 
have been infinite and almighty. Is it not, then, a virtual 
denial of His wisdom and strength, to declare that the 
structure of the earth shows that thousands of years were 
occupied in doing what the same power might have done 
is a moment} 
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AOBPHALOUS. The Acephala are that diTisfon of molluscoufl anitaiaUi whielv 
like the ojster and scallop, are without heads. The class Acephala of CuTitr 
comprehends many genera of animals with bivalve shells, and a few which 
are aevoid of shells. Etym. , a, a, without, and irc^aXi;, cephcUe, the head. 

AomuLous. Slightly acid. 

Adxpogbrb. A substance apparently intermediate between fat and wax. into 
which dead animal matter is converted when buried hi the earth, ana in a 
certain stage of decomposition. Etym.^ adeps^ fat, and cerOf wax. 

Albitb. £nee "Feldspar.'*^ 

Albmbio. An apparatus for distilling. 

Alojb. An order or division of the cryptogamic class of plants. The whole of 
the sea-weeds are comprehended under this division, and the application of 
the term in this worlc is to marine planta Etym.^ o^*^i sea-weed. 

Alluvial. The adjective of alluvium, which see. 

Allitvion. Synonymous with alluvium, which see. 

Allttvium. Earth, sand, gravel, stones, and other transported matter, which has 
been washed away and thrown down by rivers, floods, or other causes, 
upon land not permanently submerged beneath the waters of lakes or seat. 
Etym., alluo, to wash upon, or aUuvio^ an inundation. 

Alum-stone, Alumen, Alumikous. Alum is the bas^f pure clay, and strata 
of clay are often met with containing much iron-pyrites. When the latter 
substance decompofses, sulphuric acid is produced, which unites with the 
aluminous earth of the clay to form sulphate of alumine, or common alunL 
Where manufactories are established for obtaining the alum, the induratM 
beds of clay employed are called Alum-stone. 

Ammonite. An extinct and very numerous genus of the order of molluscous 
animals called Cephalopoda, allied to the modem genus Nautilus, which 
inhabited a chambered shell, curf%d like a coiled snake. Species of it are 
found in all geological periods of the secondary strata ; but they have not 
been seen in the tertiaiy beds TlMy are named from their resemblance to 
the horns on the statues of Jupiter Ajnmon. 

Amorphous. Bodies devoid of n^pilar form. Etym.^ a, a, without, and ftop<pTi, 
morphe, form. 

AMTOOALoro. One of the forms of the Trap-rocks, in which agates and simple 
minerals appear to be scattered like almonds in a cake. Etym.j afivydaAa^ 
amygdala, an almond. 

Akalcimb. A simple mineral of the Zeolite family, also called Ccbizite, of fre- 
quent occurrence in the Trap-rocks. 

Analogue. A body that resembles or corresponds with another body. A 
recent shell of the same species as a fossil shell is the analogue of the latter. 

AlMOpCOtherium. a fossil extinct quadruped, belonging to the order Pachyder- 
mata, resembling a pig. It has received its name because the animal must 
have been singularly wanting in means of defense, from the form of its teeth 
and the absence of claws, hoofs, and horns. Etym., avoirXos, anoplos, un 
armed, and dripiov, therion, a wild beast. 

Antagonist Powers. Two powers in nature, the action of the one countOT^ 
acting that of the other, by which a' kind of equilibrium or balance is main* 
tain^l, and the destructive effect prevented that would be prodaced by on* 
operating without a check. 
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AMTBMif JB. The articulated horns with which tlie headii of inaectB are inTarial^ 
furnished. 

Amthracitk. a shining substance, like black-lead ; a species of mineral char- 
coal Etj/m., avBpaJ, anlhraXj coal. 

Anthr AOOTH£RiuM A Dame given to an extinct quadruped, supposed to belong 
to the Pachydermata, the bones of which were first found in fignite and cotu 
of t) le tertiary strata. Etym. , avBpa^y anthntXf coal, and Qnpiov^ therion^ wild 
beast. 

Amthropomorphocs. Having a form resembling the human. Etym.^ avOpumos, 
anthropos^ a man, aiid itop<pri, murplie^ form. 

Antisbptio. SubKtauces whicii prevent corruption in animal and vegetable 
matter, as common salt does, are said to be antiseptic. Etytn.j ayri, against, 
otiirutj 8^pu^ to putrify. 

Ahknacbovs. Sandy. Etym., arena, sand. 

Argillaceous. Clayey, composed of clay. Etym., argitta^ clay. 

Arraoonitb. a simple mineral, a variety of carbonate of lime, so called from 
having been first found in Arragon, in Spain. 

Atolls. Coral islands of an annular form, or consisting of a circular strip or 
ring of coral surrounding a central lagoon. 

AuoiTB. A simple mineral, of a dark green, or black color, which forms a con- 
stituent part of many varieties of volcanic rocks. Name applied by Pliny 
to a particular mineral, from the Greek dvyri, auge, lustre. 

Atalanchss. Musses of snow, which, being detached from great heights in thB 
Alps, acquire enormous bulk by fresh accumuiaiiuns as they descend; and 
when they fall mto the valleys below, often cause great destruction. "Tbey are 
also called lavanges, and lavanches, in the dialects of Switzerland. 

Basalt. One of the most common varieties of the Trap-rocks. It is a dark 
green or black stone, compose J of augite and leldspar, very compact in tex- 
ture, and of considerable hardness, often found in regular piUars, of three or 
more sides, called basaltic cohimns. Remarkable examples of this kind are 
seen at the Giant's Causeway, in Ireland, and at Fingal's Cave, in Staffs, one 
of the Hebrides. The term is used by Pliny, and is said to come from batal, 
an Ethiopian word, signifyin;^ iron. The rock oAen contains much iron. 

** Basin" of Paris, '* Basin" of London. Deposits lying in a hollow or trough, 
formed of older rock ; sometimes used in geology almost synonymouriy with 
** formaitions," to express the deposits lying in a certain cavity or depreaskm 
in older rocks. 

Bblbmnitb. An extinct genus of the order of molluscous animals, called Cepha- 
lopoda, having a long, straight, and chambered conical shell. Etym., 
pt\tyiVov belemnon, a dart. 

Bitumen. Mineral uitch, of which the tar-like substance which is often seen to 
ooze out of the r^ewcastle coal when on the fire, and which makes it cake, is 
a good example. Etym., bitumen, pitch. 

Bituminous Shalb. An argillaceous uiale, much impregnated with bitumen, 
which is very common in the Coal Measures. 

Blende. A metallic ore, a compound of the metal zink with sulphur. It is often 
found in brown shining crystals ; hence its name among the German miners, 
from the word blenden^ to dazzle. 

Bluffs. High banks, presenting a precipitous front to the sea or a river. A 
term used in the United States of^ North America. 

BOTRYOiDAL. Resembling a bunch of grapes. Etym,, 0orpvs, botrys, a bunch 
of grapes, and eiSoSj eidos, form. 

Boulders. A provincial term for large rounded blocks of stone, lying on the sur- 
face uf the grouDd. or sometimes imbedded in loose soil, different in compo- 
sition from the rocks in their vicinity, and which have been therefore trans- 
ported from a distance. 

Breccia . A rock composed of angular fragments, connected together by lime or 
other mineral substance. An Italian term. 

Calc Sinter. A German name for the deposits from springs holding carbonate 

of lime In solution— petrifying springs. Etym., kalk, lime, sintem, to drop. 
Calcaire Grossier. An extensive stratum, or rather series of strata, found in 

the Paris Bas=n, belonginjfto the Eocene tertiary period. Etym., calcaire, 

limestone, and grossier, coarse. 
Calcareous Rock. Limestone. Etym , calx. lime. 
Calcareous Spar. Crystalized carbonate of lime. 
Calcbdont. a silicious simple mineral, uncrystalized. Agates are partly 

composed of calcedony. 
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Carbom. An undecomposed iuflammable substance, one of the simple etemeut* 
ary bodies. Charcoal is almost entirely composed ol it. Etym.^ cor6o,coa!. 

CAfiBONATB of LiMB. Lime comb.nes with greU avidity with carbonic acid, a 
gaseous acid, only obtained fluid when united with water ; and all combina* 
tlons of it with other substances are called Carbonates. All limestones are 
carbonates of lime, and quick-lime is obtained by driving off the carbooic 
acid, by heat. 

Cakbomated Sprinos. Springsofwater, containing carbonic acid gas. The/ 
are verv common^ especially in volcanic countries ; and sometimes contam 
so much gas, that if a little sugar be thrown into the water it effervesces like 
soda-water. 

Carbonic Agio Gas. A natural gas, which often issues from the ground, eq)€- 
cially in volcanic countries. Etym., carbo, coal ; because the gas is obtained 
by the slow burning of charcoal. 

OARBONiFBROut. A term usually applied, in a technical sense, to an ancient 
group of secondsury strata ; but any bed containing coal may be said to be 
carboniferous. Etym.^arbo, coal, and/iero, to bear. 

Cataclysm. A deluge. Etym., xaTcucXv^io, cafacluzoj to deluge. 

Ckphalopoda. a class of molluscous animals, having their organs of motion 
arranged round their head. Etym.^ Kt^aXri, cephcUe^ head, and iroSotpodOj 
feet. 

C^TACBA. An order ot vertebrated mammiferous animals, inhabiting the sea. 
The whale, dolphin, and narwal are examples. Etym.^ cete^ whale. 

Chalk. A white earthy limestone, the uppermost of the secondary series of 
strata. 

Chert. A silicious mineral, nearly allied to calcedony and flint, but less homo< 
geneousand simple in texture. A gradual passage from chert to limestone is 
not unconunon. 

Chloeitio Sand. Sand colored green by an admixture of the simple mineral 
chlorite. Etym., 'x^tapos, chloros, green. 

Clbavaob. Certain rocks, usually called Slate-rocks, may be cleaved into ar 
indefinite number of thin laminae, which are parallel to each other, but whicl 
are generally not parallel to the planes of the true strata or layers of deposi- 
tion. The planes of cleavage, therefore, are distinguishable from those o* 
stratification. 

Clinkstone, called also phonolite, a feldspathic rock of the trap-&mily, usoally 
fissile. It is sonorous when stinick with a hammer, whence its name. 

Coal Formation. This term is generally understood to mean the same as the 
Coal Measures, or Carboniferous group. 

Coleoptera. An order of insects (Beetles) which have four wings, the upper 
pair being crustaceous, cuid forming a shield. Etym. , iroXco; , ooteos, a sheath, 
aiul itTcpovj pteron^'9, wing. 

Conformable. When the planes of one set of strata are genepally parallel to 
those of another set, which are in contact, they are said to be conformahJ*. 
See Lign. 79. 

CoNOENBRS. Spec'es which belong to the same genus. 

Conglomerate, or Pudding-stone. Rounded water- worn fragments of rock or 
pebbles, cemented together by another mineral substance, which may be of a 
silicious, calcareous, or argillaceous nature. JS7/ym., con, together, ^tomero, 
to heap. 

CoNiPBRA. An order of plants, which, like the fir and pine, bear cones or tops, 
in which the seeds are contained. Etym., contUy cone, and /ero, to bear. 

Cosmogony, Cosmology. Words synonymous in meaning, applied to specula* 
tions respecting the first origin or mode of creation of the earth. Etym., 
Koaitoi, kOBmo8f the world, and yovrif gonee, generation, or Ao^'Of, A^M, 
discourse. 

Crao. a provincial name in Norfolk and Suffolk for certain tertiary deposits, 
usually composed of sand with shells, belonging to the Older Pliocene period. 

Crater. The circular cavity at the summit of a volcano, from which tne vol- 
canic matter is ejected. Etym.y crater, a great cup or bowl. 

Cretaceous. Belonging to chalk. iE7^ym., c7-e/a, chalk. 

Crop Out. A miner's, or mineral surveyor's term, to express the rising up, or 
exposure at the surface, of a stratum or series of strata. Lign. 76. 

Crust of the Earth. See " Earth's crust." 

Crustacea. Animals having a shelly coating or crust, which they cast periodi- 
cally. Crabs, shrimps, and lobsters, are examples. 

Cryptooamic. a name applied to a class of plants, such as ferns, mosses, sea- 
weeds, and fungi, in which the fructification or organs of reproduction ar« 
concealed. Etym., Kpvirroi, kryptos, concealed, and yanos, gamot, mar* 
riage 
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liETBTALS. Bimpl* minerals are frequently lound in remlar forms, with &e«(i 

lilce the drops of cut-glass of chandeliers. Quartz oeing often met with in 

rocks in sacn forms, and beautifully transparent, like ice, was caUed rooe- 

cryttalsj KpvcraXXoi, crystal/oe, being Greek for ice. Hence, the regular 

fomu of other minerals are called crystals, whether they be clear or opake. 

CsTSTALiZBD. A mineral, which is found in regular forms, or crystals, is said to 
be cry stab zed. 

CftTSTALiNB. The internal texture which regular crystals exhibit when broken, 
or a confused assemblage of ill-defined crystals. Loaf-sugar and statuary- 
marble have a cryatalint texture. Sugar-candy and cak»reous spar are 
crystalized. 

CirPRiPBROus. Copper-bearing. Etym. cuprum^ copper, and fen, to bear. 

Ctoadbjb. An order of plants, which are natives of warm climates, mostly 
tropical, although some are found at the Cape of Good Hope. They have a 
diort stem, surmounted by a peculiar foliage, termed pinnated fironds, by 
botanists, which spreads in a circle. The term is derived firom mteai, eyixu, 
a name applied by the ancient Greek naturalist, Theophrastus, to a palm. 

Ctpbracbjb. a tribe of plants, answering to the English sedges; they are dis- 
tinguished from grasses by their stems being solid, and generally triangular, 
instead of being nollow and round. Together with graminetBj they con- 
stitute what writers on botanical geography often call ^uf?uicea. 

Dbbaclb. a great rush of waters, which, breaking down all opposing barriers, 
carries forward the broken fragments of rocks, and spreads them in its 
course. Etym., debacler, French, to unbar, to break up, as a river does at 
the cessation of a long-continued frost. 

Dblta. When a great river, before it enters the sea, divides into separate 
streams, they often diverge, and form two sides of a triangle, the sea being 
the base. The land included by the three lines, and which is invariably 
fldUuvial, was first called, in the case of the Nile, a delta, from its resemblance 
to the letter of the Greek alphabet which goes by that name, A. Geologists 
apply the term to alluvial laiid formed by a river at its mouth, without refer- 
ence to its precise shape. 

Dbnudation. The carrying away by the action of running water of a portion of 
the solid materials ot the land, by which inferior rocks are laid bare. Etym., 
denudo, to lay bare. 

Dboxtdizbd, Dboztdatsd. Deprived of oxygen. Disunited from Oxygen. 

Dbsiocation. The act of drying up. Etym., deeieeo, to dry up. 

Dbtritus. Matter worn or rubbed off from rocks. Etmy., de, from, and tero, 
tomb. 

Dioottlbdonous. a grand division of the vegetable kingdom, founded on 
the plant having two cotyledons, or seed-lobes. Etym., its, dia, double, 
ifOTvXiy^v^otyledon. 

DiKBS. When masses of the unstratified or igneous rocks — such as granite, trap, 
and lava— appear as if injected into rents in the stratified rocks, cutting 
across the strata, they form dikes. They are sometimes seen running along 
the ground, and projecting, like a wall, from the softer strata on botli sides 
of them having wasted away ; whence they were first, called, in the north of 
England and in Scotland, dikes— k provincial name for wall. It is not easy 
to draw the line between dikes and veins. The former are generally of 
lar^^er dimensions, and have their sides parallel for considerable distances ; 
while veins have generally many ramifications, and these often thin away 
hito slender threads. Li^n. 80. 

Diluvium. Those accumulations of gravel and loose materials, which, by some 
geologists, are said to have been produced by the action of a diluvian wave 
or deluge sweeping over the surface of the earth. Etym., diluvium, deluge. 

Dip. When a stratum does not lie horizontally, but is inclined, it is said to dip 
towards some point of the compass, and the angle it makes with the horiswn 
is called the angle of dip or inclination. Lign. 76. 

DiPTERA. An order of insects, comprising thos« which have only two wings. 
Etym., Jiy, dis, doub'e, and rrrepov, pferon., wing. 

DoLERiTB. One of the varieties of the Trap-rocks, composed of augite and 
feldspar. 

Dolomite. A crystaline limestone, containing magnesia as a constituent part. 
Named after the French geologist, Dolomieu. 

Dunes. Low hills of blown sand that skirt the shores of Holland, England, 
Spain, and other countries. 

Earth's Crust. Such superficial parts of our planet as are accessible to human 
observation. 
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EopnuMrai. A Greek term for a destraction by fire. 

Blttra. The win^-sbeaths. or upper crustaceous membranes, which form the 
superior wings m the tribe of beetles. They cover the body, and protect tiie 
true membraneous wing. Etym.y eXvrpov, dytron^ a sheath. 

EvToxosTRACA. Cuvier's second section of Crustacea; so called from their 
relationship to insects. Elym.^ evrofia, entutna, insects. 

EocBNB. A name given to the lowest division of the tertiary strata, containing 
an extremely small percentage of Uving species among its fossil sliella, 
which indicate the first commencement or dawn of the existing state of the 
animate creation. Etym.j ijios, eo«, aurora, or the dawn, and xaivos^ kainoft^ 
recent. 

EeOARPMBKT. The abrupt tace of a ridge of high land. Etym., eacarper, 
French, to cut steep. 

EsTUARiBS. Inlets of the land, which are entered both by rivers and the tideg 
of the sea. Thus we have the estuaries of the Thames, Severn, Tay, &c. 
Etym.f €Mtu8j the tide. 

ExPBRUUNTUM Cbucis. A decisive experiment, go called, because, like a chmsb 
or direction-post, it directs men to true knowledge ; or, as some explain it, 
because it is a kind of torture, whereby the nature of the thing is extortedi as 
it were, by violence. 

ExuvLB. Properly speaking, the transient parts of certain animals, which thev 
put off or lay down to assume new ones, as serpents and caterpillars Shift 
their skins; but in geology it refers not only to the cast-off coverings of 
animals, but to fossil shells^ and other remains which animals have left m the 
strata ol the earth. Etym. , extiere, to put off or divest 

Falitns. a French provincial name for some tertiary strata, aboondiog iu 
shells, in Touraine, which resemble in lithological characters the " Cng'' of 
Norfolk and Suffolk. 

Fault, in the language of minors, is the sudden interruption of the continuity of 
strata in the same plane, accompanied by a crack or fissure, varying in widtJi 
firom a mere line to several feet, which is generally filled with broken stone, 
clay, &c.r lAg[n. 80. 

Fauna. The various kinds of animals peculiar to a country, constitute its 
Fauna, as the various kinds of plants constitute its Flora. The term is 
derived from the Fauni, or rural deities, in Roman mythology. 

Fbldspar. a simple mineral, which, next to guartz, constitutes the chief 
material of roclcs. The white angular portions in granite are feldspar. 
This mineral always contains some alkah in its composition, bi common 
fMtpar the alkali is potash ; in another variety, callea Albite or Cleavland* 
He, it is soda. Glassy feldspar is a term applied when the crystals have a 
considerable degree of traneparency. Compact feldq>ar is a name of more 
▼ague signification. The sutNstance so called, appears to contaux both potash 
and soda. 

Fbldspathio. Of, or belonging to feldspar. 

FsRRtioiNous. Any thing containing iron. Etym.,, ferrum^ iron. 

FtoBTa Rooks. A German term, applied to the secondary strata by the geologists 
of that country, because these rocks were supposed to occur most frequently 
in flat horizontal beds. Etym., flotz^ a layer of stratum. 

Flora. The various kinds of trees and plants found in any country, constitute 
the Flora of that coimtry, in the language of botanists. 

Fluviatilb. Belonging to a river. Etym., fluvitts, a river. 

Foraminifbra. a name given by D'Orbigny to a family of microscopic shells. 
Their different chambers are united by a small perforation or foramm* 
Recent observation has shown that some at least are net cephalopoda, as 
D'Orbigny supposed. 

FoRXATioN. A group, whether of alluvial deposits, sedimentary strata, or 
igneous rocks, referred to a common origin or period. 

Fossil. Ail minerals were once called fossils, but geologists now use the won! 
only to express the remains of animals ancl plants found buried in the earth. 
Etym., /osstlis, any thing that may be dug out of the earth. 

Fossilifbrous. Containing organic remains. 

Galbna. a metallic ore, a compound of lead and sulphur. It has often tht 
appearance of highly-polished lead. Etym., yO'^^f^i goieo, to shine. 

Garnbt. a simple mineral, generally of a deep red color, crystalized ; most 
commonly met with in mica-slate, but also in granite and other igneous rqclcs. 

Gastbropoda. a division of the Testacea, in which, as in the limpet, the ftbt !■ 
attached to the body. Etym.^ yaffrnp,g(uterf belly, noSafpodti, feet. 

35* 
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Oavlt. a provincial name, in the east of England, for a feriee of beds of tUtj 

and marl, the geological position of which is between the Upper and Lower 

Green-sand 
Gavial. a kind of crocodile, fonnd in India. 
One, or GsMMrLB, from the I^in gemma, a bad. The term, applied to 

/.oophytes, means a young animal not confined within an envelop or egg. 
OxoLOOT, Gboonosy. Both mean the same thing; hut with an unneceeeary 

degree of refinement in terms, it has been proposed to call our description of 

the structure of the earth, geognosy, (Etym.^ Yea,geti^ and Yivoymcto, ginoaeo^ 

to know,) and our theoretical speculations, as to its formation, g^iiogy^ 

{Etym.^ vea,and ^oyoi^ logos, a discourse.) 
Glaoibr. vast accumulations of ice and hardened snow in the Alps and otter 

lofty mountains. £7/y7n.,^ace, French for ice. 
Glacis. A term borrowed from the language of fortification, where it means an 

easy insensible slope or declivity, less steep than a tahts^ which see. 
Ghbiss. a stratified primary rock, composed of the same materials as granite, 

but having usually a larger proportion of mica and a laminated texture. The 

word is a German miner's term. 
Chu.ifiMBJB. The order of plants to which grasses belong. Etym.^ gramen^ 



GsANiTB. An unstratified or igneous rock, generally fonnd inferior to, or 
associated with the oldest of the stratified rocka, and sometimes penetrating 
them in the form of dikes and veins. It is usually composed of three simple 
minerals, feldspar, quartz, and mica, and derives its name lirom having a 
coarse rranular structure ; granum^ I^tin for grain. Westminster, Water* 
loo, ana London bridges, and the paving-stones in the carriage-way of the 
London streets, aflTord good examples of the most common varieties df 
granite. 

Gratwackb. Grautoacke. a German name., generally adopted by geologists for 
some of the most ancient fossiliferous strata, liie rock is very often of a 
gray color ; hence the name, grau^ being German for gray, and waeke being 
a provincial miner's term. 

Grebnsand. Beds of sand, sandstone, limestone, belonging to the Cretaceous 
Period. The name is given to these beds, because they often, but not always, 
contain an abundance of green earth, or chlorite, scattered through Uie 
substance of the sandstone, limestone, dec. 

Greenstonb. a variety of trap, composed of homblend and feldspar. 

Grit. A provincial name for a coarse-grained sand-stone. 

QYPBxnx. A mineral, composed of lime and salphuric acid, hence c«Iled, also, 
sulphate of lime. Piaster and stucco are obtained by exposing g3rpsum to a 
strong heat. It is found so abundantly near Paris, that plaster of Paris is a 
common term in this country for the white'powder of which casts are made. 
The term is used by Pliny for a stone used for the same purposes by the 
anc'ents. The derivation is unknown. 

Gypseous, of or belonging to gvpsum. 

Gtrooonitbs. Bodies found in fresh-water deposits, originally supposed to be 
microscojiic shells, but subsequently discovered to be the seed-vessel of 
fresh-water plants of the genus Chara. Etym.. yvpos^ gyros, carved, and 
yovoi,gonoSf seed, on account of their external structure. 

Hbmiptbra. An order of insects, so called from a peculiarity in their wings, 
the superior being coriaceous at the base, and membraneous at the apex, 
i)fi<ffv, hemisu. ha,\t, and irrepov^pteron, wing. 

HoRNBLENn. A simple mineral, of^a dark green or black color, which enters 
largely into the composition of Eeveral varieties of the Trap-rocka 

HoRNSTONB. A silicious mineral substance, sometimes approaching nearly to 
flint, or common quartz. It has a conchoidal fracture, and is infusible, 
which distinguishes it from compact feldspar. 

Httmerus. TTie bone of the upper arm. 

HrDROPHYTEs. Plants which grow in water. Etym., vStop, hydor, water, aaid 
<l>vroVy phytouy plant. 

Htpooene Rocks. Those rocks which are nether-formed., or which have not 
assumed tlieir present form and structure at the surface, such as granite, 
gneiss, &c. This term, which includes both the plutonic and metamorphic 
rocks, is substituted for primary^ because some members of both tnese 
classes, such as granite and gneiss, are posterior to many secondary or 
fossiliferous rocks. Etym., ino, hypo, under and yivouat, gtnomai, to be 
formed or produced. 

^BMMRO. Great masses of ice, often the sizse of hills, which float in the polai 
and adjacent seas. Etyi}x.^ ice, and berg ^ Qivrtnaiv lot \i\>\.. 
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lORTSTMAiTRTTt. A gigantic foBsil marine reptile, intermediate between a 
crocodile and a fish. Etym. , ix^vf? icthua, a nsh, and cavpa^ sauroj a lizard. 

I0NEOV8 R0CK8. All rocks, such as lava, trap, and granite, known or supposed 
to have been melted by volcrmic heat. 

Incandbsgbnt. White hot. Ilavii.g a more intense degree of heat than red 
heat. 

Induction. A consequence, inference, or general principle, drawn from a num- 
her of particular tacts or phenomena The inductive philosophy, says Mr. 
Whewell, has been rightly described as a science whicn ascends from par- 
ticular facts to general principles, and then descends again from these 
general principles to particular applications. 

Infusort Animalcules. Minute living creatures, found in many m/u»ton« ; 
and the term infusoria has been given to all such animalcules, whether found 
in infusions or in stagnant water, vinegar, Ac. 

Inspissated. Thiclcened. Etym., spissus, thick. 

Invbhtkbrated Animals. Animals which are not furnished with a back-bone. 
For a further explanation, see '^Vertebrated Animals." 

Isothermal. Such zones or iMvisions of the land, ocean, or atmosphere, which 
have an e(]ual degree of mean annuad warmth, are said to be isothermal, 
from laos isos, equal, and Bcpfirt^ thermef beat. 

Joints. Fissures or lines of parting in rocks, often at right angles to the planes 

of stratification. The partings w hich divide columnar basalt into prisms, are 

joints. 
Jura Limbstonb. The limestones belonging to the Oolitic Group, constitute the 

chief part of the mountains of the Jura, between France and Switzerland ; 

and hence the geologists of the Continent have given the name to the group. 

Kbuper, a German name for a member of the Upper New Red Sandstone. 
Kimmbridob Clay. A thick bed of clay, constituting a member of the Oolita 

Group. So called, because it is found well developed at Kimmeridge, in tiM 

isle of Purbeck, Dorsetshire. 

Lacttstrinb. Belonging to a lake. Etym., Ictcus, a lake. 

Lamantinb. a living species of the herbivorous Cetacea, or whale tribe, which 

inhabits the mouths of rivers on the coast of Afiricaand South America : the 

sea-cow. 
Lambllifbrous. Having a structure consisting of thin plates or leaves like 

paper. Etym.^ lamella^ the diminutive of lamina^ plate, and /ero, to bear. 
Lamina. Latin for plates; used in geology for the smaller layers of which a 

stratum is frequently composed. 
Landslip. A portion of land that has slid down in consequence of disturbance 

by earthquake, or from being undermined by water washing away the lower 

beds which supported it. 
Lapidifioation— Lapidifying process. Conversion into stone. Etym.f lapit; 

stone, and^, to make. 
Lapilli. Small volcanic cinders. LapiUus, a little stone. 
Lava. The stone which flows in a melted state from a volcano. 
Lbpidodbndron, a genus of fossil plants of the Coal Measures, intermediate in 

character between the Lvcopodiums and coniferous plants. 
Lbuoitb. a simple mineral, found in volcanic rocks, crystalized, and of a white' 

color. Etym., Xcvkos, l^icos, white. 
Lla.8. a provmcial name for an argillaceous limestone, characterized, together 

with its associated beds, by peculiar fossils, and forming a particular group of 

strata, interposed between tne Oolite and New Red Sandstone. 
Lionipbrdous. a term applied to insects which destroy wood. Etym., lignuTn^ 

wood, and perdo, to destroy. 
Lignite. Wood converted into a kind of coal. Etym., lignum, wood. 
Lithodomi. Molluscous animals, which form holes in solid rocks, in which thejr 

lodge themselves. The holes are not perforated mechanically, but the rock 

appears to be dissolved. Etym., Xtdos^ lithos, stone, and 8en<a, aemOj to build. 
Lithooenous Polyps. Animals which form coral. 
Lithooraphic Stone. A slaty compact limestone, of a yellowish color and fine 

grain, used in lithography, which is the art of drawing upon and printing 

from stone. Etym., \idos, lithos, stone, and ypatpuy grapho, to write. 
Litroid AL. Having a stony structure. 
Litholooic A L. A term expressing the stony structure or character of a mineral 

mASS. We speak of the lithological character of a stratum as distingaighea 

from He zoological character. E^fm.^ X<9e(, lUhoB^ etoiie, and Xej^lcyoe, 

diacourse. 



410 ahOtSBARY. 

LiTHOPHAOL Molluscous auimals, which form holes in solid stonss. Su « Lith 
odomi." Ehrm.^ Xi0of, Htho»^ stone, and ^a^w, j>A«^o, to saL 

LiTHOPHTTBS. Tho animsls which form Stoue-coral. 

Littoral. Belonging to the shore. Etym.i Uttusy the shore. 

Loam. A mixture of sand and clay. 

LoPBiODON. A genus of extinct quadrupeds, allied to the tapir, named from 
eminences on the teeth. 

Lyoopodia C8JB. Plants of an inferior degree of organization to Conifers, some 
of which they very much resemble in foliage, but all recent q)ecie8 are 
infinitely smaller. Many of the fossil species are as gigantic as recent Conif- 
ers. 'iTieir mode of reproduction is analogous to that of ferns. In Englidi 
they are called club-mosses ; generally found in mountainous heaths in the 
north of England 

Ltdian Stonb. Flinty slate ; a kind of quartz or flint, allied to Homstone, but 
of a grayish-black color. 

Maciono. In Italy this term has been applied to a silicious sandstone, sometimes 
containmg calcareous grains, mica, dec. 

Madrbporb. a genus of corals, but generally applied to all the corals distin* 
guished by superficial star-shaped cavities. There are several fossil ^ecies. 

Maonesiam Limestone. An extensive series of beds, the geological position of 
which is immediately above the Coal Measures ; so called, because the lime* 
stone, the principal member of the series, contains much of the earth mag- 
nesia as a constituent part. 

Mammvbrous. Mammifers. Animals which give suck to their young. To thii 
class all the warm- blooded quadrupeds, and the Cetacea, or whales, belong. 
Etym.j mammay a breast. /i?ro, to bear. 

Mammillary. A surface wnich is studded over with rounded projectiona 
Ett/m., mammilla, a little breast or pap. 

Mammoth. An extinct species of the elephant, (E.primigenius.) of which the 
fossil bones are frequently met with m various countries. The name is of 
Tartar origin, and is used in Siberia for animals that burrow under ground. 

Manati. One of the Cetacea, the sea-cow, or lamantine 

Marl. A mixture of clay and lime ; usually soil, but sometimes hard, in which 
case it is called indurated marl. 

Marsupial Animals. A tribe of quadrupeds having a sack or pouch under the 
belly, in which they carry their young, the kangaroo is a well-known exam- 
ple. Etym.f marsupium, a purse. 

Mastodon. A genus of fossil extinct auadrupeds, allied to the elephants ; so 
called from the form of the hind teetn or grinders, which have their surface 
covered with conical mamillary crests. Etym.^ fiatrroi, maatos, pap, and 
060VS, odous, tooth. 

BIatrcx. If a siinple mineral or shell, in place of being detached, be still fixed 
in a portion of^rock, it is said to be in its matrix. Matrix, womb. 

BIbchanical Origin. Rocks of. Rocks composed of sand, pebbles, or frag- 
ments, are so called, to distinguish them from those of a uniform crystaline 
texture, which are of chemical origin. 

Medusjb. a genus of marine radiated animals, without shells; so called, 
because their organs of motion spread out like the snaky hair of the fabulous 
Medusa. 

Mboalosaurus. a fossil gigantic amphibious animal, of the saurian or lizard 
and crocodile tribe. Etym., fteyaXri, megale, great, and vavpa, aaura^ lizard. 

Mboatherium. a fossil extmct quadruped, resembling a gigantic sloth. Etym.^ 
Hsya, mega, great, and Oripiov, therion, a wild beast. 

Mblastoma. a genus of MBLASTOMACB.S, an order of exotic plants of the ever- 
green tree, and shrubby kinds. Etym.. usXas, melaa, black, and orofta, 
stoma, mouth ; because the fruit of one or the species stains the lips. 

Mbsotypb. a simple mineral, white, and needle-shaped, one of the Zeolite 
family, frequently met with in the Trap-rocks. 

Mbtamorphic Rocks. A stratified division of hypogene rocks, highly crystal- 
ine, such as gneiss and mica-shist, and so named because they have been 
altered by plutonic action. Efym., fiera, meta^ trans, and nopd>ri, morphe. 
form. 

Mica. A simple mineral, having a shining silvery surface, and capable of being 
split into very thin elastic leaves or scales. It is oflen called tale in common 
life ; but mineralogists apply the term talc to a different mineral. The bril 
liant scales in granite are m:ca. Etym., mico, to shine. 

MiOA-sLATB, Micashist, MICACEOUS Shistus. One of the metamorphic 01 
ci^^aline stratified rocks, of the hypogene class, which is characterized by 
bemg composed of a large propoTtioxv of nuca \ni\\»4i ^'wYl ^^aaxtx. 
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lliooazni. A division of tertiaiy strata intervening between the Eocene ann 

Pliocene fonnations; so called, because a minority of its fossil shells are 

referable to living species Etym., fieioiv, meion^ less, and xdivoi^ kain^^ 

recent. 
MOLASSE. A provincial name for a soft green sandstone, associated with marl 

and conglomerates, belonging to the Miocene Tertiary Period, extensively 

developed in the lower country of Switzerland. Etym.s French, motf«, soft. 
MoLLusOA, Molluscous Animals. Animals, such as shell-fish, which, being 

devoidof bones, have soft bodiea Etym., mofJis^ aofi. 
Monad. The smallest of visible animalcules, spoken of by Buffon and his fol- 
lowers as constituting the elementary molecules of organic beings. 
Monitor. An animal or the saurian or lizard tribe, q)ecies of which ar« found 

in both the fossil and recent state. 
Monooottlbdonous. a grand division of the vegetable kingdom, (including 

palms, grasses, Liliaceae, &c.,) founded on the plant having only one cotyledotif 

or seed-lobe. Etym., fiovos^ monoe, single, Korv\riSov, cotyledon. 
Moraine, a Swiss term for the debris of rocks brought into valleys by 

glaciers. 
MosCHus. A quadruped, resembling the chamois, or mountain goat, from which 

the perfume musk is obtained. 
Mountain Limestone, or Carboniferous Limestone. A series of limestone 

strata, of marine origin, usually forming the lowest member of the Coal 

Measures. 
MoTA. A term applied in South America to mud poured out from volcanoes 

during eruptions. 
MuLTiLOCULAR. Many -Chambered ; a term applied to those shells which, like 

the nautilus, ammonite, and others, are divided into many compartments. 

Etym.^ mtUtuSf many, and loculus, a partition. 
Muriate op Soda. The scientific name for common culinary salt, because it is 

composed of muriatic acid and the alkali soda. 
MUSACE.S. A family of tropical monocotyledonous plants, including the banana 

and plantains. 
Muschelkalk. a limestone, belonging to the Upper New Red Sandstone 

group. Its position is between the Magnesian Limestone and the Lias. 

This formation has not yet been found in England, and the German name is 

adopted by English geologists. The word means shell-limestone. Etym.^ 

muachelj shell, and kalkstein^ limestone. 

Naphtha. A very thin, volatile, inflammable, and fluid mineral substance, of 
which there are springs in many countries, particularly in volcanic districts. 

New Red Sandstone. A formation so named, because it consists chiefly ojf 
sandy and argillaceous strata, the predominant color of which is brick-red, 
but containing portions which are of a greenish-gray. These occur often in 
spots and stripes, so that the series has sometimes been called the variegated 
sandstone. This formation is divided into the Upper New Red, in which the 
Muschelkalk is included, and the Lower New Red, of which the Magnesian 
Limestone is a member. 

Nodule. A rounded irregular-shaped lump or mass. Etym.j diminutive of 
nodus, knot. 

Normal Groups. Groups of certain rocks, taken as a rule or standard. Etym., 
norma, rule or pattern 

Nucleus. A solid central piece, around which other matter is collected. Tne 
word is Latin for kernel. 

NuMMULiTBS. An extinct genus of the order of molluscous animals, called 
Cephalopoda, of a thin lenticular shape, internally divided into small 
chambers. Etym., nummus, Latin for money, and \i$os, tithos, stone, from 
its resemblance to a coin. 

Nuphar. a yellow water-lily. 

Obsidian. A volcanic product, or species of lava, very like common green 
bottle-glass, which is almost black in large masses, but semi-transparent in 
thin fragments. Pumice-stone is obsidian in a frothy state ; produced, most 
probably, by water that was contained in, or had access to the melted stone, 
and converted into steam. There are very often portions in masses of solid 
obsidian, which are partially converted into pumice. 

Ochre. A yellow powder, a combination of some earth with oxyd of Iron. 

OoYGiAN Deluge. A great inundation mentioned in fabulous history, supposed 
to have taken place in the reign of Ogyges. in Att'ca, whose death is fixed, in 
Blair's Chrocolog'cal Tab'es,ln the year 1764 before Christ. 

Old Red Sands pone. A formation Immediatoiy below the CarbonilinouA 
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12 roup. The tarm Devonian has been recently propoaad for etr^ta. «l tMi 

age, because in Devonahire they are largely develoimdf and contain ipoanj 

urganic remains. 
OuviNB. An oliTe-colored, semi-transparent, simple mineral, very often occur- 

1 ing in tbe form of grains and of crystals in baailt and lava. 
OoLiTS, OouTic. A limestoue ; so named, because it is composed of rounded 

particles^ like the roe or eggs of a fish. The name is also applied to a lurge 

group of strata, characterized by peculiar fossils, in which limestone of thia 

texture occurs. Etym., cjov, oon, egg. and Xt0of, ZitAos, stone. 
Opalxzbd Wood. Wood petrified by suicious earth, and acquiring a structure 

similar to the simple mineral called opal. 
Opbidious Rbptu.88. Vertebrated animals, such as anakes and serpenti^ 

Etym.^ o<pis ophis, a serpent. 
Org A NIG Rax AIMS. Tbe remains of animals and pL&ntB (fitgauized bodies) 

found in a fossil state. 
Orthocbrata. or Orthocbra. An extinct genus of the order of molluscous 

animals, called Cephalopoda, that inhabited a long-chambered conidd aheU^ 

like a straight horn. Etym., opOos, orthoa, straight, and Kepas^ ceraa, horn. 
OssBous Brbccia. The cemented mass oi fragments of bones of extinet 

animals, found in caverns and fissures. Oaaeous is a Latin adyective, 

signifying bony. 
OsTBOLooT. Tiiat division of anatomy which treats of the bones; from oorcov, 

osteon, a bone, and \oYOi, logos, a discourse. 
OiTTLiBRs. When a portion of tlie stratum occurs at some distance, detached 

from the general mass of the formation to which it belongs, some practical 

mineral surveyors call it an ouUier, and tbe term is adopted in geological 

language. Lign. 78. 
OvATB. The shape of an egg. Etym.y ovum^ egg. 
Ovipositing. The laying of eggs. 

OxYD. The combination of a metal with oxvgen ; rust is oxyd of iron. 
OxroBN. One of the constituent parts of the air of the atmosphere ; that part 

which supports life. For a further explanation of the word, conwilt element* 

ary works on chemistry. 

Pachydbrmata. An order of quadrupeds, including the elephant, rhinooeroa, 

horse, pig, dec., distinguished by having thick skins. Etym., ira^vr, jxiMus, 

thick, and Sepfta, derma, skin or hide. 
Pachydermatous. Belonging to Pachydermata. 
Pal^otherium, Palbotherb. a fossil extinct quadruped, belonging to the 

order Pachydermata, resembling a pig or tapir, but of great size. Etym., 

rraXaioi, pcUaioa, ancient, and Oripiov, therion, wild beast 
PALJBONTOLOot. The science which treats of fossil remains, both animal and 

vegetable. Etym., vaXatos, palaios, ancient, ovra, onto, beings, and \oyoi, 

logos, a discourse. 
Pklaoian, Pklagio. Belonging to the deep sea. Etym., pelagus, sea. 
Pbpbrino. An Italian name for a particular kind of volcanic rock, formed, like 

tuff, by the cementing together of volcanic sand, cinders, or scoriae, &c. 
Pbtrolbum. A liquid mineral pitch, so called because it is seen to ooze like ofl 

out of the rock. Etym., petra, rock, and oleum, oil. 
Phjenooamous, or Phanerooamic Plants. A name given by Linnaeus to those 

plants in which the reproductive organs are apparent. Etym., i^spogj 

phaneros, evident, or 4^aiv(o, phaino, to show, and^a/iof, gamoa., marriage. 
Phleorjean Fields. Campi Phlegraei, or "the Burnt Fields." The country 
. around Naples, so named by the Greeks, from the traces of igneous aetion 

every where visible. 
Pronolitb. See " Clinkstone." 

Phryoanea. a genus of four-winged insects, the larvae of which, called caddis- 
worms, are used by anglers as a bait. 
Physics. The department of science which treats of the properties of natural 

bodes, laws of motion, dec. ; sometimes cAlled natural philosophy and 

mechanical philosophy. Etym., <pvais, physis, nature. 
Phytolooy, Phytolooical. The department of science which relates to 

plants— synonymous with botany and botanical. Etym., ^vroy, phyton, 

plant, and \oyof, logos, discourse. 
Phytophagous. Plant-eating. £7/ym., 0ttroy, jpAyfon, plant, and 0ayco,pA<^, 

to eat 
Pisolite. A stone, possessing a structure like an agglutination of pease. 

Etym., viffov, pison, pea, and \t6oi, lithos, stone. 
PiSTiA . The plant mentioned by Malte-Brun is probably the Pi^ia StratiaUt, a 
iloatiqg plant, routed to Eni^ du6k*tre6d, but very macb laipr. 
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Pit Coal. Ordinary coal ; called so, becauM it is obtained by sinking pto in 
the gnmnd. 

PiTOH-STONB. A roctc of unifonn texture, belonging to the onstratified and toU 
canic classes, which has an unctuous appearance, like indurated pitch. 

Plastic Clay. Cue of the beds of the Eocene Tertiary Period ; so called, 
because it is used for making pottery. The formation to which this name it 
applied, is-a series of beds, chiedy sands, with which the clay is associated. 
JStym.j ir\avcuiyp/a880, to form or fashion. 

Plbsiosaurus. a fossil extinct amphibious animal, resembling the saurian, or 
liziurd and crocodile tr.be. Etym.^ irAijaiov, plesion^ near to, and savpoj 
saura^ a lizard. 

pLiooftNB, Olobr and Nbwbr. Two divisions of the tertiary period which are 
the most modern, and of which the largest part oi the fossil shells are ot 
recent species. Etym., rXetuv, p/e»on, more, and Koiivos, kcUnos, recent. 

Plutonic Action. The induence of volcanic heat and other subterranean 
causes under pressure. 

Plittonic Rocks. Granite, porphvry, and other igneous rocks, supposed to 
have consolidated from a melted state at a ^n^eat depth from the surface. 

FoLTTARiA. Corals. A numerous class of mvertebrated animals, belonging 
to the great division called Radiata. 

Pdbpbtby. An unstratified or igneous rock. The term is as old as the time ol 
Pliny,- and was applied to a red rock with small, angular, white bodies 
diffused through it, which are crystalized feldspar, brought from EgypL 
The term is hence applied to every species of unstratified rock in which 
detached crystals of feldspar or some other minerals are difTused through a 
base of other mineral composition. Etym., vopi^vpa^ porphyra, purple. 

Portland Lihbstonb, Portland Bbds. A series of limestone strata, oelong- 
ing to tlie upper part of the Oolite Group, found chiefly in England, in the 
is&nd of Portland, on the coast of Dorsetshire. The great supply of the 
building-stone used in London, is from these quarries. 

PvzzuoLANA. Volcanic ashes, largely used as mortar for buildings, similar in 
nature to what is called, in this country, Roman cement. It gets its nama 
from Puzzuoli.a town in the bay of Naples, from which it is shipped in larg* 
quantities to all parts of the IMediterranean. 

Frbcipitatb. Substances which, having been dissolved in a fluid, are sep 
arated from it by combining chemically, and forming a solid, which falls to 
the bottom of the fluid. This process is the opposite to that of chemical - 
solution. 

Produota. An extinct genus of fossil bivalve shells, occurring only m the older 
secondary rocka It is closely allied to the living genus Terebratula. 

Ptbrodactylb. a flyinr reptile : species of this genus have been found in the 
Oolite and Muscheiiuuk. Some of the finger-joints are lengthened, so as to 
serve as the ejqpansors of a membraneous wing. Hence the name wing-Jin- 
gered. Etym.^ wrepov pteron, a wing, and ioKTvXoSy dactyha. a finger. 

PuBKSCBNOE. Tift sofl hairy down on insects. Etym.y pw^escoj the first 
growth of the beard. 

PuDDiNG-sTONB. See " Conglomerate." 

PuMXCB. A light -spongy- lava, chiefly feldspathic, of a white color, produced by 
gasses, or watery vapor getting access to the particular kind of glassy 
uiva,^ called obsidian, when in a state of fusion : it may be called the froth ot 
melted volcanic glass. The word comes from the Latin name of the stone, 
pumex. 

PuRBBCK LiMBSTONB, PuRBEOK BEDS. Limsstons Strata, belonging to tha 
> Wealden Group, which' intervenes between the Green-sand and the Oolite. 

Pykitbs. (Iron.) A compound of sulphur and iron, found usually in yellow 
shining crystals like brass, and in almost every rock, stratified and unstrat- 
ified. The shining metallic bodies so often seen in common roofing-slate, ara 
a familiar example of the mineral. The word is Greek, and comes from 
rvp,p^, fire; because, under particular circumiMances, the stone produces 
spontaneous heat, and even innammation. 

PYROiq^TBR. An instrument for measuring intense degrees of heat 

QiTADRTTMANA. The ordcr of mammiferous animals to which apes belong. 

Etym., guadrus, a derivative of the Latin word for the number four, and, 

manu3, hand, the four feet of those animals being, in some degree, usable a« 

hands. 
QuA-ftUA-vERSAL Dtp. The dip of beds to all points of tha compass around a 

centre, as in the case of beds of lava roond the crater of a TolBano. Ett/m. 

quS-qiid vermim, on avery side. 
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(ftVAS? s. ▲ Gemuui provincial term, nnrveraally adopte 1 iu scientific hoifcmge 
ftx* a simple mineral, composed or pure si lex, or earth of flints: rock-crys- 
tal is an example. 

QuARTZiTB, or Quartz Rock. An aggregate of grains of quartz, sometimes 
passing into compact quartz. 

RsD Marl. A term oftea applied to the New Red Sandstone. 

RsTictTLATB. A structure of cross lines, lilce a net, is said to be retrcnlated, from 
rete, a net. 

Rock Salt. Common culinary salt, or muriate of soda, found in vast solid 
masses or beds, in different formations, extensively in the New Red Sand- 
stone formation, as in Cheshire ; and it is then called rocA;-saJt. 

RuBBLB. A term applied by quarry-men to the upper fragmentary and decom- 
posed portion of a mass ot stone. 

RuxiNANTiA. Animals which ruminate or chew the cud, such as the ox, deer, 
4cc. Etytn., the Latin verb rwninOy meaning the same thing. 

Saccharoio, Saccharine. When a stone has a texture resembling that of loaf- 
susar. Etym. atucxap^ aacchar^ su^ar, and ci6oi, eidos^ form. 

Salt Sprinos. Springs of water contaming a large quantity of common salt. 
Ttiey are very abundant in Cheshire and Worcestershire, and culhiary salt !■ 
obtained from them by mere evaporation. 

8Ain>sTONB. Any stone which is composed of an agglutination of grains of 
sand, whether calcarenus, silicious. or of any other mineral nature. 

Saurian. Any animal belonging to the lizard tribe. Etym., o-avpo, saura^ a 
lizard. 

Shist is often used as synonymous with slate ; but it niaybe very useful to dis- 
tinguish between a shistose and a slaty structure. The hypogene or pri- 
mary ahist, as they are termed, such as gneiss, mica-shist, and others, cannot 
be split into an indefinite number of parallel laminae, lilce rocks which have 
a true slaty cleavag^. The uneven snistose layers of mica-shist and gneiss, 
are probably layers of deposition, which have assumed a crystaline texture. 
See^^ Cleavage." Efym., achiatusy a^j. Latin, that which may be spUt. 

SaiSTOSB Rocks. ^Slee '^ Shist." 

BcoRiJE. Volcanic cinders. The word is Latin for cinders. 

Sbams. Thin layers, which separate two strata of greater magnitude. 

aicoNo ART Strata. An extensive series of the stratified rocks which compose 
the crust of the globe, with certain characters in common, which distin- 
guish them from another series below them, called primary, and from a third 
series above them, called tertiary. 

Secular Rbfrigbration. The periodical cooling and consolidation of the 
globe firom a supposed original state of fluidity from heat. Saettlum^ age or 
period. 

Sbdimbntart Rocks are those which have been formed by their materials 
having t)een thrown down from a state of suspension or solution in water. 

Sblknitb. Crystalized gypsum, or sulphate of lime— a simple mineral. 

Sep r aria. Flattened balls of stone, generally a kind of iron-stone, which, on 
being split, are seen to be separated in their interior into irregular masses. 
Etym.y aepta, inclosures. 

Sbrpkntinb. a rock usually containing much magnesian earth, for the most 
part unstratified, but sometimes appearing to be an altered or metamorphic 
stratified rock. Its name is derived firom fxrequently presenting contrasts 
of color, like the skin of some serpents. 

Sh Am. A provincial term, adopted by geologists, to express an indurated slaty 
clay. Etym., German, accden, to peel, to split. 

Shell Marl. A deposit of clay, peat, and other substances, mixed with shsOs, 
which collects at the bottom of lakes. 

Shinolb. The loose and completely water- worn gravel on the sea-shore. 

SiLBx. The name of one of the pure earths, being the Latin word for aint 
which is wholly composed of that earth. French geologists have applied i* 
as a generic name for all minerals composed entirely of that earth, ofwhict* 
there are many of different external forms. 

SiLioA. One of the pure earths. Etym, ailex^ flint, because found in that min 
eral. 

Silicate. A chemical compound of silica and another substance, such as sili- 
cate of iron. Consult elementary works on chemistry. 

SiLicioirs. Of, or belonging to the earth of flint. Etym., ailes, which see. A 
silicious rock is one mainly composed of silex. 

SiLiciFiKD. Any substance that is petrified or mineralized by aUidoua earth. 

Silt. The more comminuted sand, clay, and earth, which is tranaoorted by 
running water. It is oflen accumulated by currents in banks. Thus, the 
mouth of a river it tilted up when its entrance into tlM na IsimpedM hv 
such accumulation of loow matev^i^ 
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Saunji MiMBKAL. Indiridiial mineral sabstances, as diitingaiahad from roek% 
which Uust ara osuallj an acfnregation of simple minerala. Thejr an not 
nmple in regard to tlieir nature ; for, when saojected to chemieaf ai^yns, 
they are found to consist of a variety of different substances. Pyrites is a 
simple mineral, in the sense we use the term, but it is a chemical compound 
of sulphur and iron. 

flncTBR, CfALCARBous or SiLicious. A German name for a rock precipitated 
from mineral waters. Etym.^ aintem, to drop. 

Blatb. See "■ Cleavage" and "■ Shist." 

ISOLPATARA. A volcanic vent, from which sulphur, sulphureous, watery, and 
acid vapours and gasses are emitted. 

Spobitlbs . The reproductory corpuscula (minute bodies) of cryptogamic plants. 
Etym.^ tnropoj apora, a seed. 

Btalaotitk. Wnen water holding lime in solution deposits it as it drops from 
the roof of a cavern, long rods of stone hang down fike icicles, and these are 
called ttalaetitea. Etym.. oraXa^^oi, afalazo, to drop. 

0TALAOM1TB. When water holding lime in solution drops on the floor of a 
cavern, the water evaporating leaves a crust composed of layers of limestone : 
such a crust is called stalagmite from araXayiiay atatagmay a drop, in oppo- 
sition to stalactite, which see. 

Statical Fiourb. The figure which results from the equilibrium of forces. 
From vraros, stcUos, stable, or standing still. 

flTBRNUM. The breast-bone, or the flat bone occupying the front of the chest 

Stilbitb. a crystalized simple mineral, usually white, one of the 2^1ite fiunity, 
frequently included in the mass of the Trap-rocks. 

Btratifibd. Rocks arranged in the form of 9fra/a, which see. 

Stratification. An arrangement of rocks in «fra/a, which see. 

Strata, Stratum. The term stratum, derived from the Latin verb «frtio, to 
strew or lay out, means a bed or mass of matter spread out over a certain 
surftce by the action of water, or in some cases by^wind. The deposition of 
successive layers of sand and gravel in the bed of a river, or in a canal, 
affords a perfect illustration both of the form and origin of stratification. . A 
large portion of the masses constituting the earth's crust are thus stratified, 
the successive strata of a given rock preserving a general parallelism to each 
other ; but the planes of stratification not being perfectly parallel, throughout 
u great extent, like the planes of deavagCy which see. 

Struck. The direction or line of bearing of strata, which is always at right 
angles to their prevailing dip. 

Stufas. Jets of steam issuing from fissures in volcanic regions, at a temperature 
ofien above the boiling pomt. 

6I7BAFBNNINB8. Low hifls, which skirt or lie at the foot of the great chain of the 
Apennines in Italv. The term Subapennine is applied geologically to a series 
of strata of the Older Pliocene Period. 

Sybnitb. a kind of granite ; so called, because it was brought from Syene in 
Egypt. 

Talcs. When fragments are broken off by the action of the weather firom the 
&ce of a steep rock, as they accumulate at its foot, they form a sloping heap, 
called a talus. The term is borrowed from the language of fortification, 
where talus means the outside of a wall, of which the thicluiess is diminished 
by decrees, as it rises in height, to make it the firmer. 

Tarsi. The feet in insects, which are articulated, and formed of five or a less 
number of joints. 

Tbrtiart Strata. A series of sedimentary rocks, with characters which die* 
tinguish them from two other great series of strata— the secondary and pri* 
mary— which lie beneath them. 

TkSTACEA. Molluscous animals, having a shelly covering. Etym.^ testOy a 
shell, such as snails, whelks, oysters, dec. 

Thermal. Hoc. Etym.. Otpnos, thermos, hot. 

Thbrmo-blectricity. Electricity developed by heat. 

Thin out. When a stratum, in the course of its prolongation in any direction, 
becomes gradually less in thickness, the two surfaces approach nearer ana 
nearer ; and when at last they meet, the stratum is said to thin out, or 
disi^pear. 

Trachttk. a variety of lava, essentially composed of glassy feldspar, and fre- 
quently having detached crystals of feldspar in the base or body of the stone, 
giving it the structure of porphyry. It sometimes contains hornbleud and 
augite ; and when these 1^ predominate, the trachyte V^w into the varie- 
ties of trap called Greenstone, Basalt, I>olorite, dec. Tlie term is derived 
frma r^ctjcss, traehusy rough, becanse the rock has a peculiar rough feel. 

36 
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|!1A# and Tbaptb am Rooks. Volcanic rocks, eompoaed of feldsfMr, atigite, and 
hornblend. Tbe various proportions and atate of aggregation of these sim- 
ple minerals, and differencea in external forms, five rise to varieties, which 
nave received distinct appellations, such as Bank, Amygdaloid, Dolorite, 
Greenstone, and others. The term is derived from trappa^ a Sweet! ish word 
for stair, because the rocks of this class sometimes occur in lai^e tabular 
misses, rising one above another, like steps. 

TkAVSRTiN. A white concretionary limestone, usually bard and semi-crystaline, 
deposited from the water of springs holding lime in solution.— 17/ym. This 
stone was called by the ancient Lapis Tiburtinus, the stone being ibrmed in 
great quantity bv the river Anio, at Tibur, near Rome. Some suppose tra- 
vertin to be an abbreviation of trasteverino, from transtiburtinus. 

TsiPOLi. The name of a powder, used for polishing metals and stones, first 
imported from Tripoli, which, as well ss a certain kind of silicious stone of 
the same name, has been lately found to be composed of the flinty cases of 
Infusoria. 

TaoPMi. of Insects. Organs which form the mouth, consisting of an npper and 
under lip, and comprising the parts called mandibles, mazills, and palpi. 

TUTA, Caloarbous. a porous rock, deposited by calcareous waters on their 
exposure to the air, and usuallv containing portions of plants and other 
organic substances incrusted with carbonate of lime. The more solid form 
of the same deposit is called " travertin," into which it passes. 

TiTFA, Volcanic. See " Tuff." 

TOTACBons. A rock, with the texture of tuff, or tufa, which see. 

TiTFP, or Tufa, Volcanic An Italian name for a variety of volcanic rock, of an 
earthy texture, seldom very compact, and composed of an agglutinatKm iA 
fr'agments of scoriae and loose materials ejected from a volcano. 

TvRBiNATBD. Shells which have a spiral or screw-form structure. £tym.f 
tatrbinatu»j made like a top; 

TcnutiLiTB. An extinct ^enus of chambered shells, allied to the Ammonites, 
having the siphuncle near the dorsal margin. ^ 

ITireoNFORMABLB. See ** Conformable." 

Umoxtdizbd, Unoxtdatbd. Not combined wHh oxygen. 

VVNS, MiNBRAL. Cracks in rocks, filled up by substances different from the 
rock, which may either be earthy or metallic. Veins are sometimes many 
yards wide ; and they ramify or branch off into innumerab!e smaller parts, 
often as slender as threads, like the veins in an animal : hence their name. 

ifBRTEBRATBD ANIMALS. A great division of the animal kingdom, including all 
tjbose which are furnished with a back-bone, as the Mammalia, birds, reptiles, 
and fishes. The separate joints of the back-bone are called vertebra, from 
the Latin verb r«r/o, to turn. 

Vbsiclb. a small, circular, inclosed f^ace, like a little bladder. Etym.^ dimi- 
nutive of vesica^ Latin for a bladder. 

ViTRiFio ATioN. Tlic conversioH of a body into ^lass by heat. 

Volcanic Bombs. Volcanoes throw out sometimes detached masFes of melted 
lava, which, as they fall, assume rounded forms, (like bomb-shells,) and are 
often elongated into a near-shape. 

Volcanic Foci. The mioterranean centres of action in volcanoes, where the 
heat is supposed to be in the highest degree of energy. 

Waokb. a rock nearly allied to basalt, of which it may be regarded as a soft 

and earthy variety. 
Warp. The deposit of muddy waters, artificially introduced into low lands. 

Zbolitb. a family of simple minerals, including etilbite, mesotype, analcime, 
and some others, usually found in the trap or volcanic rocks Some of the 
most common varieties swell or boil up wnen exposed to the blow-pipe, and 
hence the name of ^ecj, zeo, to boil, and \iBoiylitho»y stone. 

Zoophytes. Corals, sponges, and other aquatic anhnals allied to them ; so 
called because, whl^ thev are the habitation of animals, they are fixed to the 
ground, and have the forms of plants. Etym.^ (^(i>oy, zoon, animal, and 
<^vrov,phyton, plant. 
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